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A folding assay balance widely used in placer work. 
Capacity 10 grams, sensitive to 1/4 milligram. Complete 
in mahogany case with set of weights 10 grams by 1 
milligram. Size when closed, about 6 x 3 x 11/2 inches. 
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Gravel and water enter here 
Section 102 (a) (12) 


(a) The Congress declares that it is the 
policy of the United States that — 


(12) the public lands be managed in a <= ar TT 
manner which recognizes the Nation's nedweh Wench 81 teinc P 
need for domestic sources of minerals, 

food, timber, and fiber from the public 

lands including implementation of the 


Mining and Minerals Policy Act of 1970 
. . as it pertains to the public lands... Side and plan views of a long tom 
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drifting had started from there. Another winze sunk from the 1600- 
foot north drift had reached 1800 feet, from which level a drift struck 
good ore. This winze will be continued to meet a raise from the 2700- 
foot level. The Champion shaft in recent years has also reached a 
depth of 2700 feet (inclined), but the Ural vein has evidently not come 
up to expectation. It is said the Champion ore-shoot was bottomed at 
about 1200 feet. Ore recently mined (1915) from the Ural vein has 
come mostly from the Nevada City ore shoot which was connected with 
the Champion shaft at the 1000-foot level by a drift nearly a mile long. 
This shoot on the latter level showed a thickness between walls of 2 to 
4 feet and in places the quartz was thickly matted with sulphides of 
eood grade. The Champion and Nevada City shafts have in the past 
two years become auxiliary shafts and the Providence shaft is used for 
hoisting ore. : 

The ore from this vroup of mines earries no specimen gold. The 
sulphides average 6% or more of the ore and carry 30% of the value. 
About 80% of the gold is saved by cyaniding, the balance by outside 
amalgamation. This will probably lead ultimately to the introduction 
of the flotation process. which has been tested here, and is thought 
applicable to the ore. 

The Pittsburg vein, striking N. 45° E. and dipping 43° SE.; and 
the Gold Flat or Potosi vein. with northerly strike and dip of 40° E., 
are now controlled by the Pittshurg-Gold Flat Company. The shaft 
has been put down to a depth of 1625 feet on the Pittsburg vein. The 
only work of importance since the body of this report was written has 
been an attempt to find the Gold Flat vein from the Pittsburg shaft. 
On the surfaee the veins are about 1000 feet apart. and it was thought 
to be a simple matter to eonnect them underground by crosseutting 
along the line of one of the post-mineral faults. It is reported that 
a 1500-foot crossent from the 1300-fcot level of the Pittsburg shaft 
toward the Gold Flat failed to disclose the latter vein. 


Bibliography. 

Reports vf the State Mineralogist, from 1886 to 1896. Folios of 
Geologie Atlas of the United States, U. S. Geological Survey, 
Nos. 18, 29 and 66. Seventeenth Annual Report, U. S. Geolog- 
ical Survey, part II, pages 13 to 262. The Gold Quartz Veins 
of Nevada City and Grass Valley Districts, by W. Lindgren. 
U. S. G. S. Prof. Paper 73, Tertiary Gravels of the Sierra 
Nevada, by W. Lindgren, 1911. U.S. G. S. Mineral Resources 
of the United States for the Years 1905 to the Present. 
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NORTH BLOOMFIELD MINING DISTRICT. 


Including the region about North Bloomfield, Columbia Hill, Malakoff, Relief, 
Lake City, Snow Tent, Moore's Flat, Orleans, and Snow Point. 

This district oceurs in the central part of Nevada County, 14 miles 
northeast of Nevada City. The nearest shipping point is Nevada City, 
terminus of the Nevada County Narrow Gauge Railroad, 14 miles by a 
{air road which crosses the South Fork of Yuba River at a point 5 miles 
southwest of North Bloomfield. The elevation of North Bloomfield is 
$200’. 

The district oceupies the divide between the Middle and South Forks 
of Yuba River. The climate is temperate with dry, warm summers, 
and heavy rains with some snow in winter. The lumber industry is 
important since the region is within the forest belt of the Sierra Nevada. 
There is an abundance of yellow and suyar pine. spruce and fir, with 
oak at lower elevations. _ 

“Gold is obtained extensively in Tertiary river gravels and the pro- 
duction is reported to have been $3,500,000 up to the vear 1900. 
History of mining. 

Hydraulic mining has been carried on at North Bloomfield on a very 
jurge scale. Excavations from 500’ to 600’ in width. extend for 5000’ 
and reach a depth of 500’. The deposit has been opened by a bedrock 
tunnel 7874 feet long with entrance in Humbug Canon. This tunnel 
together with other preliminary work is said to have eost $3,000,000, 
Soon after its completion hydraulic mining was hindered by anti-debris 
legislation and only such gravels have been worked whose tailings could 
be impounded before reaching the river. 

The gravel produces on the average of 4¢ to L0¢ per eubie yd, the 
richest portions lving near bedrock. The vield between the vears 1866 
and 1900 was approximately $3,500,000, from the 30,000,000 eu. yds. 
excavated. It is estimated that 130,000,000 en. yds. remain. ~A similar 
yardage occurred to the west, near Lake City. 

At the Derbec mine, one mile due north of North Bloomfield. a shaft 
and workings have exposed a deep channel extending several thousand 
feet eastward. This channel connects with the main one of the region 
and has been mined for 7000 feet upstream from the shaft. The mine 
was operated from 1877 to 1893, and the production often reached 
$200,000 per year. 

Hydraulic work was formerly carried on at Relief, where drift 
mining is now being pursued. The Union tunnel, 2500’ long, is 
reported to have yielded from $30,000 to $90,000 annually for a number 
of years. 

Water is supplied by the North Bloomfield diteh, carr 8200 
miner’s inches from Bowman Lake. i 
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Bibliography. 
Linderen, W., Tertiary Gravels of the Sierra Nevada, U. S. Geol. 
Surv, Prof. Paper No. 73, pp. 189-141. Min. Res. of the US 
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1900. 


Topography. 

The district is on a broad, comparatively flat divide between the 
Middle and South Forks of Yuba River. The divide is covered with 
andesite and characterized by elevated level areas such as Moore’s Flat 
and Relief Ilill. The descent to the rivers both north and south is 
steep and abrupt in places, the average slope being from 1 in 2 to 1 in 3. 
The rezion is drained by the North and South Forks and tributaries of 
Yuba River. 


Geology. 

Metamorphosed sedimentary rocks of the Delhi, Cape IIorn, Relief, 
and Blue Cation formations occur from west to east as broad, northwest- 
southeast bands. The Delhi is the more extensive formation, making 
np half the width of the southern end of the belt. Amphibolite extends 
in a north-south helt, about a mile wide through the center of the 
district, between the Delhi and Cape Torn formations. At the southern 
border of the distriet this belt resembles the fingers of a han:, the space 
petween the pointed amphibolite fingers being oecupied by Cape Ilorn 
slates; only the little finger, greatly elongated, extending south as a belt 
\-anile wide. Another lens-shaped body of amphibolite extends across 
the Relief cherts and quartzite and into the Blue Caton formation. 
Small bodies of diorite intrude the Delhi formation to the northwest ; 
one of these occurs as a long, narrow, curved band between the Delhi 
formation and amphibolite to the east. A small lenticular shaped 
intrusion of granite occurs in the Cape Horn slates about a mile east 
of the amphibolite belt. The Relief formation is composed of fine- 
grained quartzite alternating with siliceous gray slate. The general 
strike of the strata is from north to south, with dip nearly vertical; 
in detail. the stratification planes are exceedingly crumpled. Many 
small irregular veinlets and bunches of white quartz occur in the 
quartzite. The rocks of the Blue Canon, Cape Horn and Delhi forma- 
tions are further described in the reports on the Alleghany and 
American Hill districts, Sierra County. 

The greater part of the region, especially the central part, is covered 
by andesite breceia, which overlies Tertiary river gravels in many places. 

Diorite is a medium-grained granular rock composed chiefly of feld- 
spar and hornblende, the amount of hornblende being equal or exceed- 
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ing the feldspar. Iornblende in the divrite is of a black to dark green 
eolor, while feldspar is the light-colored constituent. Amphibolite is 
a schistose rock of fine-grained texture derived from dioritic rocks by 
pressure. 


Mineral deposits. 

No gold quartz veins of economie importance have thus far been 
reported. 

Gold is found in extensive Tertiary river gravels. which are con- 
tinuous with the deposits at North Columbia and Badger Hill, in the 
adjoining Smartsville quadrangle. (iravel is found at Lake City, North 
Bloomfield, Moore’s Flat. Orleans, and Snow Point, possibly represent- 
ing an extension of the channel from Grizzly Hill (24 miles south of 
North Columbia) to Badger Hill (in the Smartsville quadrangle). <A 
channel passing through Relief is probably the one which occurs at 
Omega and Alpha, in the Washington district. This joints the North 
Bloomfield channel, east of Columbia Ilill, 1! miles north of the town 
by that name. 

The bedrock in the region about North Bloomfield, consisting of the 
Delhi formation, rises both north and south of the main channel. The 
channel bed is level for nearly 400’ across; the deepest blue gravel is 
130’ thick overlain by heavy-bedded. light-colored sand and clay some- 
times 100’ thick; this is interstratified with fine gravel, and with ande- 
sitie tuff near the top. Uneonformably above these occur 600’ of 
tuffaceous breccias. Most of the gold oceurs in blue gravel, the richest 
parts being close to bedrock, but owing to the great width of the channel 
the gold is not concentrated sufficiently to make drift mining profitable. 

The Derbee channel. one mile north of North Bloomfield, is part of 
that which occurs at Relief. The pay gravel at the Derbee mine was 
from 150’ to 600’ wide. and 8’ to 16’ deep, with an average value of 
$2.47 per ton. The coarse gravel contains many granite and other 
boulders. 

At Relief this same channel reoccirs as a flat terrace on the south 
side of Relief Hill, and on the north side of the caiion formed by the 
South Fork of Yuba River. The gravels fill a deep trough in a bedrock 
of Cape Horn slates and cover about 200 acres. Above the terrace, 
andesite breccia covers the region; below, the bedrock slopes down to 
the Yuba River. The oldest gravels, which are coarser and contain less 
quartz, are 60 feet deep, and covered with from 100’ to 200’ of alter- 
nating sands, fine quartz gravel, and clay. 

At Orleans and Snow Point small areas of auriferous gravel occur 
and hydraulicking has been carried on. The amphibolite bedrock rises 
rapidly to the south. Drift mining has been earried on only at Show 
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Point where the gravel bank is 135’ high; the lowest fifteen feet is 
coarse gravel, which is in turn overlain by 207 of clay. 

At Moore’s Flat, 14 miles southwest of Orleans and + miles northeast 
of North Bloomfield two bodies of gravel are exposed. An eastern one 
rests on 2 bedrock of amphibolite, while one to the west rests on Cape 
Iforn slates. Andesite tuff covers the gravel to the south which is 
similar to that at Snow Point. It varies in thickness from 100’ to 130’. 


Quartz boulders from 2’ to 6’ in diameter are often found on the— 


bedrock. In 1900 it was estimated that 26,000,000 enbie yards of 
vravel had been washed away and that 15,000,000 eubie yards remained. 

The only known quartz vein in the region is a fissure vein in amphi- 
bolite oveurring one-half mile southwest of Orleans. 

A mass of pyrite containing eopper occurs in amphibolite on Humbug 
Creek, about one-half mile above North Bloomfield. Sufficient devel- 
opment work has not been done to determine the value of the deposit. 
At several places south of North Bloomfield chalcopyrite is said to occur 
disseminated in amphibolite. 


NORTH COLUMBIA MINING DISTRICT. 


The North Columbia district is known for its extensive deposits of 
Tertiary river gravels, and for the productive Delhi quartz vein which 
oceurs in its northern pact. It is situated near the northwestern border 
of Nevada County, 8 miles in a straight line and about 14 miles by 
a good, winding road north of Nevada City. The nearest depot on the 
Nevada County Narrow Gauge Railroad is Nevada City. 

North Columbia lies at an elevation of 3000 ft. The summers are 
dry and warm, while the winters bring a heavy precipitation of rain 
with snow. Yellow and sugar pine, spruce, and fir are plentiful. 
Water is supplied by the ditch of the Eureka Lake Company and by 
the neighboring streams from Fancherie and French lakes. 

As in the other districts in this region gold is the only mineral 
product of present importance. 


History of mining. 

At North Columbia the auriferous gravels are developed to a greater 
extent than at any other place. They are owned chiefly by the Eureka 
Lake Company, whose claims in 1900 covered an area of 1445 acres 
along 24 miles of channel. Much surface work has been done and 150’ 
of gravel has been washed. The Delhi quartz vein was worked prior 
to 1893, after which it remained idle until 1898, chiefly because a great 
amount of water was encountered below the tunnel level. The mine 
was again ope—i up in the year 1898. The Gothardt vein has been 
developed bj rtical shaft 380 feet deep. 
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Topography. 

The North Columbia district is continuous with the North Bloomfield 
district to the east, and forms part of the divide between the Middle 
and South Forks of Yuba River. North Columbia lies at an elevation 
of 3000 feet on the western side of Spring Creek. Northeast of the 
town the surface rises gradually to the level-topped Columbia Hill at 
an elevation of 4200’. The upper waters of Grizzly Creek tlow parallel 
to the Middle Fork of Yuba River, between Columbia Ifill and Grizzly 
Ridge. Grizzly Ridge is made up of a series of low east-west hills, 
about 3300’ in elevation; it constitutes a divide between Grizzly Creek 
and the Middle Fork of Yuba River. 


Geology. 

The Delhi formation, consisting of black, or dark brown siliceous 
metamorphosed sedimentary rocks, is intruded by diabase, diorite and 
gabbro, and covered by a eap of andesite breccia northeast of North 
Columbia. The diabase is exposed as long, slender lenses, trending in 
a northwesterly direction through the central portion of the district, 
apparently continuous with the diabase of the Pike district to the north. 
Diorite oceurs about $ mile east of North Columbia, also along Spring 
Creek to the south and near Edwards Bridge in the southwest part of 
the district. Gabbro oceurs along Grizzly Ridge. cutting across the 
Delhi formation and the diahase. 

The Delhi formation is the oldest in the district and was folded and 
disturbed along with the other sediments of Carboniferous age at the 
beginning and end of the Juratrias period. The igneous intrusions 
occurred in early Cretaceous time and the filling of the various fissures 
by vein material is supposed to have followed. The gravels which are 
now exposed in the district accumulated during the Tertiary period of 
erosion. At the end of Neocene, Neocene-Pliocene time, an extensive 
flow of andesite breccia covered the region and solidified, covering and 
preserving many of the auriferous gravels. During the following Pleis- 
tocene erosion period most of this andesite was worn away; considerable 
remains in the region northeast of North Columbia. 


Rocks. 
The diorite of North Columbia and Edwards Bridge is a medium- 






grained, granular intrusive composed of about equal amountses light- 
colored soda-lime feldspar and black or dark green hormbles It is 
H— 46900 
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probably part of the body of diorite exposed at the head of Grizzly 
Creek, north of Columbia Hill. 

The gabbro on Grizzly Ridge is an extension of that in the Smarts- 
ville quadrangle to the west. It is coarse-grained, being of soda-lime 
feldspar, diallage, hypersthene, and olivine, and is of a dark green or 
black color. Near the contacts finer-grained varieties occur which in 
part grade into diorite. 

The diabase is porphyritic, being composed of soda-lime feldspar and 
black or green-black hornblende or pyroxene, olivine and biotite may 
also occur. Where exposed it is dark green in color and of altered 
appearance. The fresh rock is also fine-grained and the pyroxene is 
often converted to uralite. 


Mineral deposits. 

Gold is found both as placer and lode deposits. Gravels are exten- 
sive throughout the region, but lodes occur only in one group north of 
(irizzly Ridge. 

The placer deposits at North Columbia are the most extensive of the 
region. The main Tertiary river channel which branches north of 
North Bloomfield extends in an east and west direction through the 
district. The gravels are continuous with those at Badger Hill, in 
the adjoining Smartsville quadrangle, and form a total area covering 
8 square miles. About one-half mile southeast of North Columbia a 
channel from the direction of Dutch Flat and Scotts Flat to the south- 
east joins the steeper channel from North Bloomfield; this channel was 
deep, with but slight grade. The North Columbia gravels are from 
400’ to 500’ deep along the center of the channel, the deepest gravel 
being exposed at Grizzly Hill, one mile southwest of Kennebec House. 
The gravel there is coarse and made up largely of metamorphic rocks; 
the upper bench gravels being made up of finer quartzose material. 
Near the surface, especially near areas of andesite breccia, heavy beds 
of sand and light-colored clays cover the gravels. The bedrock is 
a black flinty rock, of the Delhi formation, and the deepest portions 
of the deposit can be reached only by running long and expensive bed- 
rock tunnels. Injunctions against hydraulic mining stopped such 
development work. In 1900 it was estimated that 25,000,000 cubic 
yards of gravel had been hydranlicked away and that 165,000,000 
cubic yards remained. 

The veins of the region are of the fissure type; they occur in the 
Delhi formation, about 2} miles northeast of North Columbia, on the 
north slope of Grizzly Ridge. The principal group consists of three 
veins, of which the Delhi is the most important. The outcrops of the 
veins are parallel, having a strike nearly due north-south; that of 
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the Delhi vein is about a half mile in length, dipping 75° KE. The 
Delhi vein has a rich ore shoot, containing coarse gold, opened up by 
tunnels. Other veins in the vicinity are the Gothardt and the Live 
Oak. The Gothardt outcrop cut across the contact between the Delhi 
formation and diorite. 


NORTH SAN JUAN MINING DISTRICT. 
Including North San Juan, Paterson, Badger Hill, Oak Tree Ranch, 
Sweetland and Sebastopol. 

Extensive exposures of auriferous Tertiary river gravels occurring 
in this district have produced a large amount of yold. An old Neocene 
channel extends through the district and is joined by the productive 
channel from North Columbia, along which large areas of gravel are 
exposed. 

The district is located in the northwestern portion of Nevada County. 
with Yuba County and Sierra County bordering it on the northwest. 
French Corral district joins it on the south. North San Juan is 13 
miles by road, in a northwesterly direction from Nevada City, the 
terminus of the Nevada County Narrow Gauge Railroad. Roads eon- 
nect with French Corral, North Columbia and Camptonville. The 
greater part of the region is between 2006’ and 3000’ in’ elevation. 
Vegetation consists of yellow pine and various kinds of fir and spruce. 
The principal source of timber is in tracts of the Oregon Ilills. North 
San Juan is furnished with water by the Eureka Lake Company’s diteh, 
earrying water from the headwaters of Middle and South Yuba rivers. 
Shady Creek flows from Sugar Loaf IIill through the district. 


History of mining. 

It has been estimated that 20,000,000 eubie yards of gravel had been 
excavated before the year 1891, leaving 2.500.000 eubie yards still 
available. Almost continuous deposits extending from North San Juan 
to French Corral have been worked throughout their extent, and large 
portions have been exhausted. 


Bibliography. 
Lindgren, W., Tertiary Gravels of the Sierra Nevada, U. 8S. Geol. 
Survey, Prof. Paper No. 73, pp. 121-125, 1911. Min. Res. of 
the U. S., 1905, p. 179; 1906, p. 192; 1907, pt. 1, p. 215. U.S. 
Geol. Survey, Folio No. 18, Smartsville, 1895. 


Topography. 

The topography of the district consists of low hills, between the 
Middle and South Forks of Yuba River, rising from the general 
plateau, the elevation of which varies from 2000’ to 2500 above sea 
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level. ‘The area rises eastward to Sugar Loaf Till which reaches an 
elevation of 3300", 

North San Juan is on the plateau in the northwestern part of the 
district, near the steep south side of the cation of the Middle Yuba 
River. The ecaiion near North San Juan is 500 feet deep, while at 
Badger Ifill (elevation of 2500’) on the edge of the eaiion it is 900’ 
deep. 

The southern part of the region is drained in a southwesterly 
direction. The waters of Shady Creek flow from the region about 
Sugar Loaf draining Paterson and Oak Tree Raneh, and emptying into 
the South Fork of Yuba River at a point southeast of French Corral. 


Geology. 

The greater portion of the region is composed of granodiorite whieh 
covers an area over 4 miles wide in the North San Juan district. The 
belt is part of that which extends northwestward from the Nevada City 
region, ‘It is a light-colored rock of uniform texture and consists of 
quartz, large grains of black hornblende, black miea. much plagioclase 
and small amounts of orthoelase. Between North San Juan and 
Freeman's Bridge it carries some muscovite. 

The eastern contact of granodiorite with the Calaveras formation 
enters the southeastern corner of the district and can be followed in a 
northwest direetion towards Paterson to a point 2} miles northeast of 
North San Juan: thence east for 1} miles and then northward. North 
and southeast of Paterson the Calaveras formation, in places, is in 
eontaet with diorite. The contact of this divrite with the granodiorite 
to the west is not sharply defined. 

The western contact of granodiorite with amphibolite schist has a 
north-south direction west of Sweetland. The schistosity of the amphi- 
holite strikes northwest and dips 68° E. At a considerable distance 
westward from the contact the, amphibolite changes to augite- 
porphyrite. 

The Calaveras formation is composed of closely folded clay slates 
and quartzites which have been erystallized along the contacts to 
miecaceous and quartzose schists by igneous intrusions. This altered 
zone is rarely over half a mile in width and there is a gradual change 
to unaltered rock. Northeast of Badger Hill the Calaveras formation 
strikes northwest and dips 72° NE. It is a part of a continuous area of 
sedimentary rocks of the middle slope of the Sierra occurring much 
more extensively in the Colfax quadrangle to the east. It is the oldest 
formation in the district. being of Carboniferous age, and was probably 
folded and co: sgsed at the end of the Juratrias period when the first 
vreat uplift es Sierra Nevada mountains took place. The grano- 
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diorite and gabbro-diorite were intruded about this time, the grano- 
diorite being somewhat younger. 

The relative ages of the granodiorite, the augite-porphyrite and the 
amphibolite schist have not been definitely determined, but the grano- 
diorite of Nevada City, which is of the same period as that in the North 
San Juan district is known to be later than the diabase rocks to the 
south and west of it. According to the petrographic character of a 
large portion of the augite-porphyrite in the Smartsville quadrangle 
it should be considered as a heavy flow. The amphibolite schist was 
probably formed by dynamic-metamorphism of the augite-porphyrite. 
The dynamic action was intensified along two shear zones, one of which 
passes through Birchville. 

Auriferous gravels aceumulated during Neocene erosion. At the 
end of Neocene time flows of andesite breccia occurred, since which 
the region has been extensively eroded. Auriferous gravels. possibly 
derived from the Tertiary gravels to the east, accumulated near the 
head of Shady Creek. south of Paterson, during late Pleistocene time, 


Mineral deposits. 

Gold is the chief mineral deposit. oceurring extensively in’ the 
Tertiary river gravels. The Neoecene Channel of Yuba River possibly 
extended from Camptonville to North San Juan, and then southwest 
to French Corral. About a mile north of North San Juan the North 
Columbia channel. turning through Paterson, joined the main channel, 
No gravels are found.at the juncture, sinee they have been washed 
away by the more recent drainage system. 

The gravel deposits at Paterson and North San Juan are composed 
of well-rounded pebbles of quartz, siliceous metamorphie rocks and 
some sand. The gravel beds between North San Juan and French 
Corral average 150’ thick, while east of Paterson they reach a thickness 
of 400’. Extensive hydraulic mining has been carried on both here 
and at Badger IIill. but drifting operations had not been undertaken 
because the gravel was considered of too low grade. <A_ bedrock. of 
Calaveras formation, was exposed in the center of the channel at 
Badger Hill in 1895. The gravel deposit west of North San Juan is 
about a mile in length and rests on granodiorite. The deposit south of 
this igs longer and of greater width; the bedrock changes from grano- 
diorite to amphibolite schist. None of the gravel deposits in the district 
are covered with andesite breccia. The grade of the channel from 
North San Juan to French Corral is 65’ per mile; the Badger Hill 
channel is almost level. Three miles north-northwest of Montezuma 
Hill, on the hills west of the Oak Tree Ranch, is a deposit of well- 
Washed gravel resting on granodiorite bedrock at a higher i 
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the gravel channel of North San Juan. This deposit is probably of an 
earlier period than the Tertiary gravels. 

In the belt of amphibolite schist extending from Birehville north to 
Bullards Bar several quartz veins have been found carrying auriferous 


iron and copper pyrites. One of the larger veins strikes north and 
lips 80° E, 


ROUGH AND READY MINING DISTRICT. 


Including the region about Rough and Ready, Anthony House, Rapps Ranch 
and Newton. 

This district is adjacent to the famous (trass Valley district, and 
produced a considerable amount of gold, chietly from gravels deposited 
in a branch of the Neoecene channel of Yuba River. The district 
includes a group of workable auriferous quartz veins. ‘ 

Rough and Ready is situated in the west central portion of Nevada 
County, 34 miles by road west of Grass Valley, a point on the 
Nevada County Narrow Gauge Railroad, 12} miles from Colfax. The 
town lies at an elevation of 1800 fect above sen level. The climate is 
mild, with moderate rainfall and some snow during winter time. The 
foothill region to an elevation of 2000" is t : 


generally covered by digger 
; > . 7 
pine and oaks. Above 2000’ yellow pine, r 


y lo spritee and fir predominate. 
e principal timber oceurs as a tract in the Oregon IIills about 
20 miles to the north. 
There is a good w: i 
> oT g vater ; : ; ‘reek 
cae ae ek ater suppies Squirrel Creek, Deer Creek, and 
ar Creek How west to Yuba River.  Ditehes of the South Yuba 
Canal Company carry water from the headwaters of South Yuba River 
We sevircs a - . 
to Grass Valley for mining and other purposes. 


Electricity may be 
used for power. 


History of mining. 


In the vear 1891 it was reported that 3,000,000 cubie yards of gravel 
had been exeavated at Rough and Ready and Randolph Flat, and that 
1.000.000 eubit yards remained available. In 1909 the total production 
of the hydraiie mines at Rough and Ready, French Corral, Smartsville 
and Grass Valley was only $8,000. 

Bibliography. 
Lindgren, W., Tertiary Gravels of the Sierra Nevada. U.S. Geol 
Survey, Prof. Paper No. 73, pp. 120-124. U. 8. Geol. Survey. 


Mineral Resources, 1907, pt. 1 215, ..U i 
» 107, pt. 1. p. 215. U.S. Geol. Sury 
No. 18, 1895. ny erie 
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flowing streams. Squirrel Creek flows northwest through Penn Valley - 
to a point a mile west of Anthony House, where it joins Deer Creek. 
Northwest of Penn Valley the ground slowly rises to hills 500’ to 600’ 
above the valley floor. Rough and Ready lies near a tributary 2 miles 
northeast of Squirrel Creek and 300 feet above Penn Valley. Groups 
of hills constitute low parallel ridges, ascending eastward to the Grass 
Valley plateau, about 2500’ above sea level. The north side of the 
Rough and Ready divide is drained by Deer Creek, north of which the 
ground rises to a series of parallel hilltops, the highest of which is about 
700 feet above the creek. 

In the southwest portion of the district, south of Penn Valley, Indian 
Springs plateau extends eastward from Indian Springs Hill. The 
elevation of this plateau averages 1800’. It is drained on the north 
by Clear Creek, which flows northwest to join Squirrel Creek. East 
of the plateau the surface is made irregular by a number of low hills. 


Geology. 

There is one small area of slates and quartzites of the Calaveras 
formation in the northeast corner of the district, being continuous with 
those formations of the Grass Valley region fo the south. The region 
is composed chiefly of igneous rock. The three most extensive forma- 
tions are granodiorite, gabbro-diorite, and amphibolite. oceurring from 
west to east in the order mentioned. To the west the granodiorite is 
in contact with diabase; it occurs in and north of Penn Valley about 
Anthony House and at Rapps Ranch. It also occurs north of Rough 
and Ready. in Deer Creek Cafion, Kentucky ravine and on the inter- 
vening divide. Somewhat over a mile east of Rapps Ranch a body of 
gabbro-diorite, one mile in greatest width and four miles long, grades 
into the surrounding granodiorite. Southwest of Rough and Ready is 
a large body of gabbro-diorite, two miles in greatest width, in contact on 
the west with granodiorite and on the east with amphibolite. Gabbro- 
diorite forms the southern end of a large area of granodiorite enclosed 
in the main diabase area in the northwestern part of the Smartsville 
quadrangle. Frequent transitions from granodiorite into adjoining 
gabbro-diorite are found, showing that the latter is probably a magmatic 
segregation. 

Amphibolite is in contact with gabbro-diorite both east and south of 
Rough and Ready. It is massive and is thought to have been derived 
from gabbro-diorite. The texture is not the same throughout the area, 
end masses of diorite and gabbro are often included. The change to 
amphibolite is brought about by pressure, which changes the pyroxene 
to green uralitic hornblende. When the change is complete the amphib- 
olite is composed of secondary amphibol, albite, epidote, chlorite and 
other minerals. The amphibolite belt has a width ranging from 2 miles 
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through the shaft and rich gravel was taken from a paystreak 50’ in 
width. The Ragon incline, through which the work at present is being 
carried on, lies about 500’ east of the Empire shaft. The incline was 
put down at an angle of 45° north and is 145’ in depth. From the 
bottom a drift has been driven 130’ northwest and 60’ southeast, and 
short branch drifts have been run across the channel from the main 
drift. 

The width of the pay gravel has not as vet been determined, but some 
of the gravel encountered is said by Mr. Graham to average from $3 to 
$4 per eu. vd. and the depth to be 4 feet. The gravel is in part 
cemented, and it is the intention of the company to install a ten-stamp 
mill. The property at present is equipped with a 22 horsepower electric 
hoist and a 6” electrie driven Cornish pump. 

This is the only company operating on this ehannel at the present 
time. 


Manzanita Mine. Owner,-Fred Ayer; W. F. Duboise, agent, Nevada 


City. 
Location: Nevada City Mining (istrict, Sees. 6 and 7, T. 16 N., R. 9 E., 1 mile 
north of Nevada City. Elevietion 2800’, 
Bibliography: Cal. State Min. Bur. Repts. VIIT. page 458; XI. page 302; XII, 
page 191; XT, page 251. ©. 8. Geol. Survey Folios 18 and 28. U.S. Geol. 
Survey Prof, Paper 73. 

The Manzanita channel was worked in’ early days leaving the 
hydraulic pit as one of the prominent features of topography north of 
Nevada City. After the suspension of hydraulic mining, the rich 
gravel Iving on the bedrock of the channel was worked by drifting from 
Nevada City under the lava-eapped ridge to the northern exposure of 
the channel in Ilowe cut. a distance of 3000 feet. The central portion 
of the channel under the deep lava cap was worked by means of the 
Odin and Nebraska inclines in the Odin property. whieh adjoins the 
Manzanita on the north. This channel is reported to have produced 
over $3,000,000. The Harmony channel, whieh has been extensively 
worked in the Kast and West Harmony mines, about a mile northeast 
of Nevada City, was formerly stuyppposed to be cvonneeted with the 
Manzanita channel under the lava-covered Harmony Ridge. Now the 
data obtainable seems to point to the conelusion that the Manzanita and 
Harmony channels both flowed in a northerly direction and their point 
of juncture was one or two miles north of Howe cut. This portion of 
the ancient streams has been eroded. 


Murphy. (See Grover.) 


Sazarack Claims. Owner, E. A. Roberts Estate; W. H. Lyons, 
agent, Stockton, California. 
Location: Rough and Ready Mining District, Sec. 19, T. 16 N., R. & B., 3 miles 


west oZ4jrass Valley. Elevatton 2000’, 
Bibliogr; \U. 8. Geol. Survey Folio 18, Smartsville. 
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This property consists of the Sazarack and Bunker ILL patented 
placer claims, an area of about 120 acres. These claims are supposed 
to contain the western extension or a branch of the Alta Till-Town 
Talk Channel. The bedrock is amphibolite schist, in part covered with 
a volcanic capping of andesite. No work has been done on the claims 
for a number of years. 


Sharpe Quartz and Gravel Mining Company (Black Bear). (See 
under Lode.) 


Union Mine. Owners, C. D. Jepsen et al., Relief Will. 
Location: North Bloomfleld Mining District, Secs. 4 and 9, T. 17 N., R. 10 F., 
34 miles east of North Bloomfield, thence 14 miles by road southwest to 
evadu City. Elevation 3600’. k 4 
Bibliography: Cal. State Min. Bur. Repts. XII, page 201; XIIT, page 265. U. 8S. 
Geol. Survey, W. Lindgren, Prof. Paper 73, pages L39-L4l. UL SS. Geol. 
Survey Folio 66, Colfax. g 


The Union mine covers gravels of the Dubee channel. At Relief 
erosion has exposed a deep trough in the old bedrock and about 200 acres 
of auriferous gravels. The oldest gravel. as usual coarser and contain- 
ing less quartz, is 60’ deep and covered hy 100’ to 200’ of alternating 
quartz sand and elay. 

The Union tunnel, about 2500’ long. has been driven from the south- 
west side of the gravel area, and amounts up to $50,000 and 40,000 
were produeed for a number of vears. 

Tn December, 1915. the tunnel was being driven to intersect the bottom 
of an old 40’ incline shaft that was sunk to the gravel channel. 


West Harmony Claim. (See Delaware.) Owners, ©. IT. Mallen 


et al., Nevada City. 


Location: Nevada City District, Sec. 5, T. 16 N., and Sec. 52, T. 17 N., f. 9 E., 
2 miles northense of Nevada City. Elevation 3000, 

Bibliography; Cal. State Min. Bur. Repts. XI, page 300: XIT. page 202; XIII. 
page 240. U.S. Geol. Survey Folio 29, Banner ERM Special. 


Yosemite. (See Albert.) 

You Bet Mining Company. Owner. DBirdseve Creek Mining Com- 
pany, Nevada City; Geo. Wight. Nevada City. president; C.) P. Ban- 
ning, secretary. 

Location: You Bet Mining District, Secs, 6, 26, 28, 30, 31, 32, 36, 25, and 36, 
Sle oe 16 N., R. 10 E., 7 miles northwest of Dutch Flat. Elevation 


(See under I[ydraulie Mining for activity planned in 1918.) 


GOLD—HYDRAULIC MINES. 


At North Bloomfield and North Columbia hydraulie mining was 
developed and prosecuted on a very large scale from 1865 to 1880. The 
immense amount of gravel discharged into the Yuba River from the 
hydraulic mines operating from North Bloomfield to French Corral was 


w ©@ 


the main cause of the agitation against hydraulie mining by the inhabi- 
tants of the Sacramento Valley, which eulminated in the suspension of 
this method of mining in 1894. 

The largest operations were carried on at North Bloomfield where 
from 1866 until the closure of the mine. February 1, 1894, the produc- 
tion had been $2,829,469. From 1894 until 1900 the property was 
worked at intervals and the total production to date is said to have been 
about #3,500,000 from 30,000,000 eubic yards of gravel. The channel 
of the Neocene river at this point was from 500’ to 600’ in width. 
The bank washed reached a maximum heieht of 500 feet, but most of 
the gold was obtained from the first 150’ above bedrock. This gravel 
averaged over 1O¢ per enbie yard. 
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At North Bloomfield it was necessary in order to secure sufficient 
grade, to drive a tunnel from Tumbue Creek 8875 feet in leneth. This 
tunnel was completed only a short time before the adverse decision in 
the suit of Woodruff vs. The North Bloomfield Gravel Mining Com- 
pany, practically stopped hydraulic mining in the Sierra Nevada. 
Following the formation of the California Debris Commission by act of 
Congress in March, 1893, hydraulic mining was resumed on a small 
seale at North Bloomfield. The increasing severity of the restrictions 
passed by the commission finally resulted in a complete cessation of 
work in 1900. 

From 1866 to 1900 about 30,000,000 cubie yards had been worked in 
the vicinity of North Bloomfield and the total production therefrom was 
approximately $3,500,000, It is estimated that 300,000,000 eubie yards, 
Which will average over 10¢ per yard. still remain available for 
hydraulie mining in the North Bloomfield-Lake City area. 

Near North Columbia the auriferous eravel deposits are extensive, 
owing to the junction of two of the larze Tertiary streams near this 
point. The gold-bearing gravel at this point is from 400 to 500 feet 
in depth. It is estimated that 165,000,000 eubie yards still remain to 
be worked on the holdings of the Eureka Lake Company, which cover 
an area of 1445 acres and a distance of 24 miles along the channel. 
In the former operations only 25,000,000 eubie yards of the top gravel 
had been removed. It was planned to work the lower and richer gravels 
by means of a long bedrock tunnel, but on account of the suspension of 
hydraulic mining this was never done. The remaining gravel is said 
to run from 10¢ to 25¢ per eubie yard. 

West of North Columbia the channel of the Tertiary Yuba River 
turned abruptly to the North. Beyond Badger Hill it has been eroded 
hy the present Middle Yuba River, which has eut down into the grano- 


(iorite to a depth of 1000 feet below the bottom of the old Neocene 
stream. 
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From North San Juan to French Corral. the ancient river was 
preserved and the gravel deposits of this area have been extensively 
worked. The channel here reaches 1000 feet in width and the vravel 
averages 150 feet in depth. The top gravels here vielded from 10¢ to 
15¢ per cubic yard, while the average value {s said to have been 30¢. 
It is estimated that 52,500,000 cubie vards have been washed and that 
12,500,000 cubic vards are still available. The production of the 
property to 1884 was $3,412,509. 

From 1870 to 1882 over $4.000.000 was expended by the North 
Bloomfield Gravel Mining Company, its subsidiary companies, and the 
Milton and Union Mining Companies, in opening up the deposit, con- 
struction of reservoirs and ditches, and finally in driving bedrock 
tunnels. 

The Bowman’s Lake and other reservoirs. tovether with the 100 miles 
of distributing ditches, which were constructed at a cost of from R000 
to $10,000 per mile, are now owned by the River Mines-Eureka Lake 
companies. 

It has been estimated that between $75,000,000) and $1O0,000,0000 jn 
vold lies buried in the gravels of the Neocene streams between North 
Bloomfield and French Corral. 

This gold could probably be recovered without damage to the 
navigable streams or agricultural districts of the lower valleys, hy Using 
modern engineering methods in the construction of restraining dams 
in the lower reaches of the Yuba River at different points where natural 
dam sites exist. The first cost of such restraining dams would be large 
and it seems only reasonable that financial aid be viven by state anc 
federal governments for their construction. Such works would assist 
materially in solving many of the problems now being faced by the 
agricultural, irrigation, and navigation interests. 


Badger Hill. (See River Mines Company.) 
Baltic. (See under Lode.) 

Beckman. (See Mayflower, Lode.) 

Birdseye Creek. (See You Bet Mining Company.) 


I, X. L. Claim. Owners, James Howlett, North Columbia; LH. ©. 


Dillon Estate, 2850 Leeward Avenue, Los Angeles. 


Location: North Bloomfield iil ap ge 8 Secs. 3 and 10, SRV NA RILSVE., 
f North Bloomfield. 
piblioguahy es Geol. Survey Follo 66, Colfax. U. S. Geol. Survey Frof. 
Paper 73, W. Lindgren, Tertiary Gravels of the Sierra Nevada, 
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The I. X. L. placer claim is an elongated area of about 100 acres 
situated a mile northwest of Lake City. The famous North Bloomfield 
tertiary channel is in part covered by this claim. but owing to the sus- 
pension of hydraulic mining no work has been done for many years, 
For description of the channel see River Mines Company. 





102 MINES AND MINERAL RESOURCES. 

Liberty Hill Mines, Owners, Wm. Maguire and‘ Phebe Maguire 
(one-half), and Anna PF. Smith (one-half); lessees (with option to 
purchase) W.S. Bliss et al.. 61] Insuranee Exchange Building. San 
Francisco. The Properties consist of the Liberty Hill Placer Mine 
(patented). Lots 41 and 66 in See. 23, T. 16 N., R. 10 E., 494.97 acres ; 
the Maguire placer locations, containing about 160 acres in the same 
section; the Little York Placer Mine (patented), which includes Lots 
37 and 38 in See, 5. To 15 N., R. 10 E.; and Lots 3, 40 and 76 in See. 


a. F. 10 \. R10 B.. 430.9 aeres: an undivided one-half interest in 





Photo No. 10. 


Liberty Hill Hydraulic Mine. Photo by C. A. Logan. 


the Consolidated Junction Placer claim in Sees, Used tt oleh: 1 okGEN 
i 10eK. co eP lav oN TIT ncres : and an undivided one-half 
interest in the Liberty Hilland Polar Star Tailings Dam in Beary River, 
half aimile from Duteh Flat. being in all 1161.28 

Location: The Liberty Till property is about 
miles by road from Duteh Flat on the opposite side of Bear River, at 
an clevation of 3349 feet. The Little York Mine is about + miles 
southwest of Dutch Flat by road, 

Lindgren® regarded the Little York deposit. as pretty well worked 
out. but estimated that of a total vf 18,000,000 enbie yards at Liberty 
ITill only 1-9 had heen hy drauicked., 

The channel is said to be 600 yards wide at Liberty ITill. 
is 60’ to 85’ deep and without overburden. 
heavy boulders of eabbro and related roe 


ACTS, 
$omiles bs trail ov 7 


The gravel 
It contains some very 
‘ks and is generally loose. The 


— *Lindgren, Wy, Serthiry Gravely of the Slerra Nevada of California : Prof, Paper 
4. UL S. Geol, sf Ppp. 144-146, 
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vedrock in this section of the ke tag Sd Fanull ans pmessti 

is equipped with 45 miles of diteh, the longes « a ‘ i eae 
elivering the water under 250 feet head. The dit es a 13 

th: but will require considerable cleaning, as a aa fe aaa 
The main pipe line into the workings is Rea Be ae see SOE 
The property has first rights to water ont of Bear River, anc 

supply will permit six months mining. 





formerly used to 

1. Log crib. hydraulic fill dam, De 
ean Patines frommlliberty Hill and Polar Star sep ’ 
being raised in November, 1918, preparatory to cay \ 
at toruec mine. Located in Bear River one-half mile from 

Flat. Photo by C. A. Logan. 
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A force of about twenty men were at work in September, 1915, rais- 
ing the dam on Bear River, preparatory to hydraulicking the Liberty 





Photo No. 13 A. Chinamen cleaning bedrock at the 
Hydraulic Mine. 


Omega 


Hill property the following winter. Hydraulie mining with one giant 
and about 1200 inches of water began January 15, 1919, 


Manzanita, (See under Drift.) 
Mayflower. (See under Lode. ) 














Photo No. 12. 





General view of the Omega Hydraulic Mine, near Washington, looking north. Shows particularly the manner of Piping the water to the working banks. 
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Photo No. 13. Nearer view of Omega Hydraulic Mine showing extent of 


Gravel remco.ed. 
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North Bloomfield. (See River Mines Company.) 
Odin. (See Manzanita. Drift.) 


Omega Mine (Prescott). Owner. Omega -Placer Mining Company, 
1213 Fischer Building, Chicago, [Hlinois. 
Location: Washington Mining District, Secs. 16 and 17, T. 17 Nigro ibe aes 
2 miles southeast of Washington, Elevation 40007, 


Bibliography: Cal State Min. Bur. Rept. XTIL page 258. U. 8S. Geol. Survey 
Follo 66. U.S. Geol. Survey Prof. Paper 73, pause 147. 


The Omega hydraulic mine was worked for many years before and 
after the restriction of hydraulic mining. The accompanying photo- 
graph will give a good idea of the amount of material whieh has been 
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Photo No. 14. Debris restraining dam of the Omega Hydraulic 
Mine near Washington. Photo by C. A. Logan. 
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worked. About 13,000,000 cubie vards have been removed which is said 
to have averaged 134 cents per cubie vard. and it is estimated that 
40,000,000 cubie vards remain which ean be worked. In late years, 
up to about 1915, most of the operations have been carried on by 
Chinamen under a leasing system. 

The gravel deposit is a portion of an old Neovene river and the 
ground is 173 feet in depth. The elevation of the bedrock is 4028’ or 
1000 feet above the bed of the South Yuba River. There are two strata 
of gravel. The bottom 150 feet is small gravel with a large amount of 
quartz, the greater part of which does not exceed 6 inches in size, 
although some large boulders of wranite are included. Above this there 
was from 6 to 10 feet of fine pipe clay, overlaid by another 20 feet of 
tine gravel, which extends in a southeasterly direction under a capping 
composed of tuffs and voleanic breecia of andesite. The bedrock is 
Calaveras slate. Twenty Chinamen were at work cleaning up bedrock 
when the mine was visited in 1914 but no information could be obtained 
from them regarding production, costs, ete. A new restraining dam 
was being constructed below the 3000-foot drain tunnel. 

Since 1915 the property has been worked by two partners during the 
water season. The photo of the restraining dam shows that it is filled 
nearly to capacity and must be raised if more mining is done. Raising 
the dam and mining in 1918 is planned. 


River Mines Company (Eureka Lake and Yuba Canal Company). 
Owner, River Mines Company, eare Geo. W. Starr, Grass Valley, 
California. 


Location: Claims in French Corral, North San Juan, North Columbia and 
North Bloomfield Mining districts. Elevation from 2000’ to 4000’. 

Bibliography: Cal. State Min. Bur. Repts. U. S. Geol. Survey Folios 18 
(Smartsville) and 66 (Colfax). U.S. Geol. Survey Prof, Paper 73, Tertiury 
Gravels of the Slerru Nevada, Lindgren. 
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A partial list of the claims now controlled by the River Mines and 
Eureka Lake Companies is as follows : 


Location. Town- 








Name mining district ; Sectlons ship Naoge 
Uiver Mines Company _----------- French Corral 12,14, 24, 25, 35 17 N. 7 E. 
Bed Rock Tunnel Company_..------ French Corral ld and 23 17 N. TE. 
Kate Hives Placer Mine___--...-- French Corral 25 and 26 LZ NGeetalse 

| 
| section | Setvonae 
Milton, placer mine, French Corral.-.......--.-------------------+---------- | 26 | 17N., TE. 
Badger Hill nnd Cherokee, placer mines, North Columbla----...-----.---- i 1 | 1IN., 8E. 
| 36 «© «18N., 8E. 
American, placer mine, North San Juan_....—.--.----------------------+---- 6,7 | 17N., 8E. 
Sebastopol, Sweetland, Bloomfleld Hydraulle Gravel, placer mines, North — ; 

Bloonifieltd (oss on on nse ae cone a ose ee orcas nasn sean ssen sa nerende 1, 2, 11, 12 iN., 9E. 

North Bloomflekl Gravel Mining Co., North Bloomfleld..---.-------------- 1 17™N., 9E. 

| 86, 36 18N., 9E. 

6 17N., 10F. 

j 31 : 18N., 10F 
Consolidatel, placer mine, North Columbla-North Bloomfleld_--.----.---- 5, 7,8 17N., OF 
Central Gravel, placer mine, North Columbia-North Bloomfleld--.---------- 5,78 1IN., 9E 
Northern Gravel, placer mine, North Columbia-North Bloomfleld.---------, Ly 17N., 9E. 
Weatern Gravel, placer nine, North Columbla-North Bloomfleld_.--...---- 6,7 17N., YE. 
Welon Gravel, placer mine, North Columbia-North Bloomfleld.-..--------- n, 10 ' VIN., OF. 
Huinbug Creek, placer mine, North Columbla-North Bloomfleld---------- 12,12,14 , 17N., 9E. 
Rellet Hill, placer mine, North Columbla-North Bloomfleld--.-...---------- : 4,9 ' VIN., 10K. 
Waukashaw, placer mine, North Columbla-North Bloomfleld--....-------- ! 6 | 17N., 10F. 
Cooke & Porter, placer mine, North Columbla-North Bloomfleld----.----- | @ 17™N., 10F. 
Snow, plucer mine, North Columbla-North Bloomflelit..--..----..--------- ; 13,14 18N., 10K. 
Hazard, placer mine, North Columbla-North Blooufleld_.----.-.----------- ' 16,21 =| 18N., 10K. 











The above claims control the major portion of the Great Neocene 
Yuba River from North Bloomfield to French Corral, a distanee of 
approximately 15 miles. This ancient stream emerges from beneath 
an andesite lava cap a mile north of North Bloomfield and from this 
point the gravel deposit is continuous until Badger Hill is reached, eight 
miles to the west. 

From North Bloomfield to North Columbia the channel is from 300 
fo 600 feet in width and the gravel deposit from 150 to 500 feet in 
depth. Portions of the deposit are covered by sand and light-colored 
clays. Above North Bloomfield the main channel branches ; one branch 
vontinues eastward toward Relief Till and the other northward toward 
the Middle Yuba River. These channels lie under a capping of lava 
and the easterly or Derbee channel has been worked by drifting for a 
distance of 7000 feet up stream. 


You Bet Mines. Owner, You Bet Mining Company; lessee (with 
option to purchase), California Placer Mining Company. W. L. 
MeGuire, secretary. tenth floor Crocker Building, San Francisco. 

The You Bet Mining Company started hydraulic mining in the win- 
ter of 1913-1914. after building a debris dam and getting a permit from 
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the Debris Commission. The mine was worked successfully till August, 
O14. when work was stopped by a Court injunction, it being claimed 
that the water, which was used below the dam for domestic purposes. 
was being rendered untit for use beeause of its turbidity. In August. 
1915, many of the claims were leased to Chinese, who began drift mining 
near the old ‘tie’ workings near You Bet. 

The present lessees took the property in the summer of 1918. The 
dam in Missouri Cation is to be raised 15 feet. It is a gravel dam with 
concrete spillway. The property has 15 miles of ditches and a maxi- 
mum water supply of 1200 inches. There is said to be about }-mile 
of unworked channel between the old Hayward shaft and the Nevada 
tunnel. There are three pipe lines into the workings under heads of 
100, 200, and 300 feet respectively. 

The work will be done mostly in cemented gravel, which ‘is from 60 
feet to 100 feet thick. Powder drifts and erosseuts will be driven, 
loaded with powder and shot to break up the cement. Probably three 
viants with 5” and 6” nozzles will be used in piping and a 5” giant will 
be used to stack tailings. The property is equipped with 900 feet of 
§-feet sluice split into two 5-feet sluices at the pit and with iron rails 
and block riffes. Twenty men were employed in September, 1918. 
preparing for mining. It is said that this mine has yielded 40¢ a yard 
in hydraulie mining and $7 to $9 a ear in drift mining. It is estimated 
that 50,000,000 cubie vards of gravel have been worked in the past and 
that 100,000,000 eubie vards are available. The You Bet hydraulic 
mines are said to have produeed about $3,000,000, in addition to vield 
sinee 1913. for which figures are not obtainable. It is known that 
operations in 1913-1914 paid well, however. 

The eravel of the deep channel in the vicinity of You Bet is coarse 
and cemented in the deep trough, but in the upper portions is fine 
quartz gravel mixed with sand. [n the deep channel the gravel is from 
75 feet to 200 feet deep. and on the benches from 90 feet to 100 feet, 
and the width of pay gravel is 300 to 400 fect. 
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The following is a list of the claims held by this company : 


| 











Section Towerstiip © Wane Ares 
a ee ee ee oe 
Isirdseye Canyon placer mine........----------------------- ‘6 15 10 
3l 16 lu 40.09 
Walloupa Canyon placer mine_.......--.------------------- 6 13 w 
Arkanzas placer mine ........------------------------------- 26 16 10 
25 16 9 00 
Greenhorn placer mine_...--..---------—-----2----+-------"-- 30 16 10 
6 15 1¢ 
Washington placer mine_.....----.-------------------------- 31 0} 10 S704 
Red Dog placer mine__.-..----..----------------------------- ww Mg 1 46.03 
You Bet placer mine. ........-..---..-..---- Pte, pia ee $1 16 10 107.01 
Neece & West, Brown's Hill.-....----.---------------------- 6 15 10 
Wintloup ate oes co oe ow ae oo ea sac eacccoceneans cosa =csecse-= 31 16 10 : 87.59 
ONT Td dan eee eri a eS «Dee ee nico at , 25 16 9 21.84 
; 30 16 pt) 
Mallory and other claims. ..-..--....------------------------ eee econ crc te a8 
Brown Bros. placer mine...---..---------------------------- ve 15 10 33.65 
31 16 10 
Poverty placer mine.-....--------....----------------------- 6 15 10 60.86 
31, 32 16 10 


Benj. F. Myers claim........-------------------------------- ieee ee A nes ae, eps e ‘ 
Placer mining claims in..--.....-.-.------------------------ : 23 16 10 151.28 
3% 


Missouri Canyon placer mine-...---------.-------------——- 16 9 
toe, 16 10 19.51 
Newark Fluming and Mining Co. placer mine (Greenhorn | 
Creek) ....----.2----22--- ------ 22-00 ---- 0-002 -==-------- fesneoeee== 15 9 
| 16 107s 
Live Oak (§ interest in G. Atkins and J. F. Taylor placer | 
mnlrie) Wie soe once eee ee oe wae cee ce eneae tne noone oe Sls. eels 107 7.64 
! — ee ee 
Total. .coseskee cose cksa cane cc cncate ses eessee ee sana ean| fanen sae | ee ae | An Maee 663.38 





GOLD—LODE MINES. 
Ajax Mine. Owner, Miss J. Mitchell, Girass Valley. 


Location: Grass Valley District, Secs. 2 and 11, T. 15 N.. R. S E., 3 miles 
south of Grass Valley. Elevation 2290’. 


This property consists of one patented claim (20 acres) adjoining 
the Allison Ranch mine on the south. The vein, which strikes north 
and dips 45° W., has an average width of 1 to 2’ and can be traced for 
a distance of about 500’ on the surface. It is the southern extension 
of one of the Allison Ranch veins and oceurs in the granodiorite, The 
shallow drifts and tunnels driven from the banks of Wolf Creek are at 
present inaccessible. 


Alaska Mine. Owner, Alaska Mining Company: M.S. White, Grass 
Valley. 


Location: Grass Valley District, See. 1, T. 15 NR. S EL, 24 miles southeast 
of Grass Valley. Elevation 2500’, 


In January, 1916, the mine was being operated by the people who 
are working the Ben Franklin: J. L. Clayborn, representative. After 
six months work it was closed again and is idle, September, 118, 
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GOLD-BEARING GRAVEL OF THE 
ANCESTRAL YUBA RIVER. SIERRA NEVADA. CALIFORNIA 


By WarREN E. YEEND 


ABSTRACT 


Enormous quantities of unmined gold-bearing gravel are 


present on the interstream divides between the Middle Yuba : 


River and the North Fork of the American River. This gravel 
was deposited bv a major Paleocene(?) and Eocene river sys- 
rem tancestral Yuba River) that flowed into a marine basin to 


the west from a hizhland to the east. A mining method using - 


extensive <.stems of water canals ind large iron pipes with 
huge nozzies. termed hvdraulic mining. was used to mine 
vheapiv the gold from this thick gravel from 1855 to 1884. In 
1S84 a court injunction. obtained by the agricultural interests 
in the Central Valley of California to prevent the dumping of 
the mined zravel into the modern rivers. halted hydraulic min- 
ing. Owing to this injunction large quantities of gold-bearinz 
gravel remain. 

The gravel was restudied with geochemical and geophvsical 
techniques in order to learn more about the occurrence. dis- 
tribution. characteristics. source, and resource of the placer 
“old. It is hoped that this new knowledge will encourage the 
development of economic methods for exploiting the enormous 
resource believed to remain. 

The channel of the ancestral Yuba River and its tributaries 
cuts into bedrock that is composed of low-grade metamorphic 
rocks such as Paleozoic phyllite and slate of the Calaveras and 
Shoo Fly Formations and Mesozoic igneous rocks. primanily 
“ranodiorite. Gold-bearing milky-white quartz veins intruding 
the metamorphic rocks and most prevalent in and adjacent to 
serpentines served as the primary source for the gold in the 
gravel. 

The gravel. partiv covered bv the remains of an extensive 
sheet of volcanic rocks, crops out at a number ot places on the 
broad ridge crests between the major river canyons of the 
Middle and South Yuba. Bear. and North Fork of the Ameri- 
can Rivers. 

The eravel is divisible into a lower and an upper unit on the 
hasis of litholocy and texture. The lower gravel contains abun- 
dant cobble-size clasts. boulders to 10 feet in diameter near the 
base. manv rock types—primarily slate. phyllite. greenstone. 
zranodiorite—and most of the gold. The lower gravel is 70-140 
feet thick. It is commonly blue grav and was referred to as the 
“blue gravel” by miners. The blue-gray color 1s due to the 
»resence of unoxidized slate and phvllite clasts preserved below 
‘he water table 

The urper cravel is distinguished from the lower hy an 
‘pundance of stit and clav beds. by the presence ot clasts pre- 


Jominantuy of milky-white quartz and quartzite. and by its . 


‘ow cold content. A leaf flora from clay beds within the upper 
-ravei is correlative with the Chalk Bluffs flora tnat has been 
cated as iate eariv Eocene 


Three holes were drilled in the North Columbia diggings in 
1968 to obtain samples of an entire section of gravel. The gravel 
thicknesses ranged from 300 to 455 feet. The gravel in the 
lower 80-100 feet of all three holes contained most of the gold. 
Rarely do values in the lower cravel exceed $1.00 per cubic 
vard (335.00 per oz): the richest interval was a 2-foot section 
that contained gold equal to $6.35 per cubic vard. Most of the 
gravel above the lower rich zone contains gold in amounts 
zenerallvy worth less than 30.02 per cubic vard. Values were at 
a maximum on bedrock for two holes and at a position 12-15 
feet above bedrock for the third hole. Average gold values 
obtained in the 1968 drilling project were approximately 50 
percent of those obtained from drilling by private interests in 
the same area in 1939. Most of the particles of gold in the 
lower gravel are 1-2 mm in diameter and 0.1-0.2 mm thick. 
Gold coarser than 1 mm in diameter was not observed more 
than 80 feet above bedrock in the drill holes. 

Published and unpublished reports containing information 
on gold values derived from production records and drilling 
(sampling) in the area give the following averages: Lower 
gravel, $0.59 per cubic vard. upper gravel. $0.13 per cubic yard. 

Four rotary drill holes on San Juan Ridge penetrated 500- 
650 feet of volcanic breccia above sand. clay, and minor 
amounts of fine gravel. Gold values from the prevolcanic sedi- 
mentarv deposits were less than $0.01 per cubic vard. It appears 
that all four holes were drilled parallel to and along the margin 
or flood plain of the channel as it passes beneath the volcanic 
rocks on San Juan Ridge. 

[t 1s estimated that within the area studied the exposed parts 
of the ancestral Yuba River channel contain gold valued at 
about $188.100.000 distributed in 977.400.000 cubic yards of 
gravel. the equivalent of an average value of $0.193 per cubic 
vard. More than 75 percent of this total resource is contained 
in the vast deposit between Malakoff and Badger Hill Diggings. 

On the basis of heavv mineral suites derived from the drill 
samples obtained in the North Columbia diggings, the gravel 
van pe searated into tour zones: (1) a lower zone of ilmenite. 
zircon. pyrite. amphibole, epidote, and chlorite: (2) a lower 
middle zone of ilmenite. zircon, pyrite, siderite. amphibole, and 
epidote: 13) an upper middle zone of ilmenite, zircon. pyrite. 
and siderite: and 14) an upper zone ot ilmenite and zircon. All 
of these minerals can be derived from local bedrock sources. 
The zonation retlects differences in degree of physical and 
chemical weathering on the surrounding slopes. Phvsical 
weatherinz was dominant during the eariv history of the 
channel development. and chemical weathering became promi- 
nent during the late aygradational stage of the river. Pyrite 
and siderite are secondary minerals because they were formed 
after deposition ot the cravel. Abundant vegetation trapped 
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and buried during deposition of the gravel together with the 
ubiquitous tron-bearing minerais. provided an ideal environ- 
ment for sulfide development. 

The drainage pattern of the ancestral Yuba River and its 
‘rbutaries can be reconstructed by using existing gravel out- 
crops, water-current indicators such as imbrication and cross- 
bedding. and bedrock elevations on the channe! floor. 
Tributanes of the ancestral Yuba River extend bevond the 
mapped area to the north. east. and south. Original gradients 
of 17-65 feet per mile are obtained for the ancestral Yuba 
River drainage upon removing effects of postcravel faulting 
along the channel and postgravel tilting of the Sierra Nevada. 
The gradient of the northwest-trending segment from Little 
York Diggings to North Columbia probably was not affected 
by tilting. as it would parallel the tilt axis. A gradient of 17 feet 
per mile seems reasonable for this stretch. From North Colum- 
bia to Smartville, the gradient probably was originally 20-25 
feet per mile. greater than for the stretch above because the 
river was flowing perpendicular to the regional slope west of 
North Columbia. The upstream parts, American Hill to North 
Columbia and Liberty Hill to Little York Diggings, flowing 
down a highland front. had gradients of 60-65 feet per mile. 
The direction of flow from Little York Diggings to North 
Columbia is interpreted as parallel to the base of this highland. 

By comparing known characteristics of the ancestral Yuba 
River with modern river systems in the Western States. the 
unknown parameters of drainage basin size and river leneth 
can be postulated. Such a study reveals that the ancestral Yuba 
River may have had a drainage basin as large as 2.000 square 
miles above the area studied and a length of 150 miles. This 
would put the headwaters no farther east than western Nevada. 

The early Tertiary history of the area was characterized by 
active river downcutting. high relief. and phvsical weathering 
»redominating over chemical weathering. Gold was continually 
being supplied to the rivers but was not transported bevond 
the drainage basins like the bulk of the rock detritus in the 
rivers. As the rivers continued to downcut. predominantly dur- 
ing times of flooding and vigorous runoff. the 50- to 100-foot- 
thick veneer of coarse gravel flooring the river valley would 
be moved downvalley only to be replaced by new material from 
upstream. By middle or late Eocene time. the rivers had 
extended their basins eastward. the steep slopes of the earlier 
landscape had given way to gentle slopes. and chemical 
weathering plaved the prominent role in the breakdown otf the 
rocks. Because of the intensitv of the weathering. onlv the most 
resistant minerals and rocks survived the journey to the rivers. 
The valley fill increased in thickness. the rivers continued to 
aggrade. and extensive flood plains were formed. The climate 
was probably similar to the present climate on the lower slopes 
of the Sierra Madre in the State of Vera Cruz. Mexico. 

A date of 37.9=1 m.v. was determined by potassium-argon 
method on biotite from a volcanic tuff Iving above the gold- 
bearing gravel section near North Columbia. A few of the 
older prevolcanic channels were filled with the volcanic detritus. 
and a thin veneer of clastic rocks covered parts of the old land 
surface. 

Widespread volcanic mudflows of andesitic composition 
-overed most of the surface during the Miocene and Pliocene. 
Between successive mudflows. incipient river = s<stems were 
horn. and waterworn boulders and cobbles of andesite were 
deposited in restricted channels. A rhvolitic biotite-rich tuff 
dated 8770.5 m-v. Is present near the town of Alta. 

Prohablv in late Pliocene time. as voleanic activity subsided. 
-he sierran block was uplifted and tilted roward the west. 
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During and following the uplift. much of the volcanic cover was 
eroded and vast areas of the prevolcanic surface exhumed. 

Colluvial deposits accumulated near the base of the volcanic 
cliffs in Pleistocene and recent time because clavs in the upper 
zravel and volcanic section repeatedly failed. 

Operators of recent small-scale placer mines alone the a: es- 
tral Yuba River have been hard pressed to make a profit. Of 
three mining ventures operating at various times from 1966 
to 1970. one remains in operation. 


INTRODUCTION 

A restudy and evaluation of known gold-producing 
districts, together with the search for new gold deposits. 
was initiated in July 1966. The Tertiary gravel in the 
foothills of the Sierra Nevada in California, from which 
14,500.000 ounces of gold was produced, was selected 
as a promising deposit for restudy. Because of the court 
injunction of 1884, which virtually put a stop to the 
hydraulic mining industry, large quantities of gravel 
remained unmined. 

PURPOSE AND OBJECTIVES 

A large resource of gold remains in the unexploited 
alluvial gravels of the ancestral Yuba River owing to 
an inability in earlier times to extract the gold without 
degradation of the downstream environment. -Assess- 
ment of this untapped resource, and, hopefully, the 
development of acceptable techniques to extract the 
gold were the main foci of this study. The amount. dis- 
tribution. and physical character of the gold in these 
placers had not been fully known. and the bedrock 
source of it needed additional study. These deposits 
record an important chapter in the history of the Sierra 
Nevada region. The deposits constitute an unevaluated 
potential source of construction material and water 
resources for nearby growing urban areas. Thus, this 
study in its broader context provides a geologic frame- 
work for the evaluation of the land and mineral 
resources occurring therein. 


METHODS AND CONCLUSIONS 


Mapping was done directly on U.S. Forest Service 
aerial photographs (1:20.000, 1948. 1955, 1966), and 
the contacts were transferred to topographic quad- 


_ rangle maps (1:24.000 and 1:62.500). Surface samples 


were screened and panned in the field. and the panned 
concentrates transferred to the laboratory for detailed 
study. In addition to noting textures and lithologies of 
the gravel where exposed. current indicators (cross- 
bedding and pebble imbrication) were measured and 
plotted. Fieldwork was carried on during the fall 
months of 1966. 1967. and 1969 and during the spring 
months of 1968 and 1989. In addition to mvself. Donald 
W. Peterson worked on the project trom July 1966 to 
Julv 1968. 

In addition to the conventional geologic field methods 
of mapping and sampling.manv geophysical techniques 
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were employed in an effort to learn more about the sub- | wide flood plain, large meanders, and a sediment load 


surface characteristics of the gravel. The techniques 
used include seismic refraction, ground and airborn 
magnetic and electromagnetic (EM) surveys, gravity 
and resistivity surveys, and induced polarization. The 
geophysical field. studies were conducted during the 
summers of 1967 and 1968 under the supervision of 
H. W. Oliver. 

During the fall and winter of 1968 and January 1969, 
rotary and churn drilling was done to check the validity 
of the geophysical interpretations and to obtain 
samples from the gravel for determination of gold 
values and for heavy-mineral study. The results of that 
drilling are presented here. 

In 1968 the U.S. Bureau of Mines, under the guid- 
ance of the U.S. Geological Survey, selected the Badger 
Hill hydraulic pit as a focus area. A rather thorough 
study of the old hydraulic diggings ensued that 
involved many of the branches of the Bureau of Mines, 
including the mining research group from Denver, 
Colo. Extensive geophysical surveys were made, num- 
erous holes were drilled with both rotary and large 
bucket drills, and large samples were taken for the pur- 
pose of concentrating gold and other heavy minerals. It 
was originally hoped that efficient mining techniques 
might be developed to extract gold and other metals 
from the gravel at this locality. The “mining research” 
phase of the project, however, did not progress beyond 
the sampling program. 

The study has revealed that the early work of Lind- 
gren (1911) was quite complete and thorough in locat- 
ing and describing the gold-bearing gravel. 

The major remaining placer gold resource appears to 
be on San Juan Ridge between Badger Hill and Mala- 
koff State Park. A liberal estimate indicates that 
800,000,000 cubic yards of gravel at this locality could 
contain recoverable gold worth $140 million ($35.00 
per oz). Drilling in the North Columbia diggings in 
1968 produced samples that rarely contain gold value 
in excess of $1.00 per cubic yard; this value is consider- 
ably less than obtained from earlier drilling in 1939 by 
private interests. Estimates of total volume and values 
of unmined gravel in the entire area studied indicate 
that gold worth $188 million ($35.00 per oz) could be 
present. This estimate does not include the gold in 
gravel beneath the thick (500-700 ft) volcanic breccia 
on San Juan, Washington, and Harmony Ridges. 

Vertical distribution of heavy minerals within the 
gravel implies an early history of physical breakdown 
of the source rocks with limited chemical weathering. 
Most of the gold, in highest concentration in the lower 
80 feet of immature gravel, was supplied to the river 
during its early downcutting stage. The river in later 
Eocene time was characterized by a low gradient. a 
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indicative of intensive chemical] weathering. During 
this time. gold either was not carried into the rivers or 
was flushed into the marine environment to the west. 


MINING HISTORY 

Placer gold first discovered and mined along the deep 
valleys of the youthful streams and rivers in the Sierran 
foothills was, in time, traced to sources high above the 
streams on the drainage divides. What we now call the 
“‘gold-bearing Tertiary gravel” was found to contain 
large amounts of gold, but in relatively low concentra- 
tions. The simple small-scale mining techniques em- 
ploying a pan, a sluice box, or a rocker, used by the lone 
miner along the present streams, gave way to the land- 


destroying methods of hydraulic mining. First used in _ 


1852 in Yankee Jims in Placer County and near 
Nevada City (Clark, 1965), it was during the 29 years 
from 1855 to 1884 that the great bulk of gravel was 
washed by this simple but devastating method. Nozzles 
with openings as large as 9 inches in diameter directed 
water with enormous force at the gravel beds, breaking 
apart the generally poorly cemented conglomerate. 
Large quantities of gravel could be washed with little 
effort by playing the jet of water back and forth across 
the gravel exposures. The manmade rivers carried the 
great bulk of the sand and gravel into the natural drain- 
ages, while the gold was trapped in the riffles and 
sluices, which were often heavily charged with mer- 
cury. The natural drainages carried most of this dis- 
placed gravel to the edge of the Central Valley, where, 
because gradients in river channels were lower, it was 
deposited, filling and choking the channels. Flooding 
and silting repeatedly destroyed vast amounts of farm- 
land and frequently threatened to destroy property in 
the large cities of Marysville and Sacramento. Litiga- 
tion between the miners and farmers continued more 
than 10 years, culminating in the famous court case 
Woodruff vs. North Bloomfield Gravel Mining Co. 
(Kelley, 1959, p. 237-240). Judge Lorenzo Sawyer 
issued an injunction in 1884 against the company, now 
often referred to as the “Sawyer decision,” that pro- 
hibited the dumping of debris into the Sacramento and 
San Joaquin Rivers and their tributaries. A precedent 
was set, and hydraulic mining nearly ceased. Some 
companies constructed debris dams and made a pretext 
of storing the washed gravel, but the big hydraulic 
mining effort was finished. 

Drift mining along the gravel-bedrock contact con- 
tinued after the shutdown of the hydraulic mines, but 
only the richest gravel was mined. Gilbert (1917) esti- 
mated that 30 million cubic vards of gravel was mined 
by drifting. 

In an attempt to revive the hydraulic mining indus- 
trv, the California Debris Commission was created in 
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1893 to aid and oversee the mining. This effort proved | 
unsuccesstul, and with the inflation following World | 
War I. gold production dropped turther. In 1930 public | 
funds were allotted for the construction ot large debris . 
dams on the major rivers draining the foothills. Engie- : 
bright dam on the Yuba River and North Fork dam on } 


storing hydraulic tailings. The California Debris Com- 
mission obtained assurances from the mining people 
that the dams would be used for these purposes and 
that the costs of construction would be repaid by the | 
mining industry. However. hydraulic mining never | 
again flourished, and less than 3 percent of the storage 
capacity of the dams was utilized. What little “gold | 
| 


the North Fork of the American River were built for | 
| 


fever” remained in the hydraulic mining industry was 
discouraged by the high costs of water and equipment, 
and by increasing governmental regulation. Even the 
increase in gold price trom 320.67 to $35.00 per fine | 
ounce in 1934 did not provide the economic incentive | 
to revive hvdraulic mining. 

Following the shutdown of the hydraulic mines in 
1884, most of the California gold was produced by 
floating bucket dredges. which operated in the vast | 
gravel deposits along the major drainageways at the | 
junction of the mountain front and the Central Valley. 

Pine trees and manzanita bushes have since sprung 
up in the hydraulic pits. Most of the old access roads 
are overgrown. except where frequented by the bottle 
collector. hunter. motorcvclist. or trash disposer. Little 
remains in the way of mining artifacts. Even the old | 
rustv hydraulic pipes are gone; they were carted off for | 
road culverts. | 

AREA OF STUDY 

The area of studv is roughly that part of the Sierran | 
foothills between the North Fork of the Amenican |! 
River and Middle Yuba River ‘fig. 1). The mapped ; 
area comprises parts of the Emigrant Gap, Alleghany, : 
Colfax. and Nevada City quadrangles (1:62.500 scale). | 
It contains a part. but not all. of the ancestral Yuba | 
River drainage basin. This particular area was selected | 
for studv because: it contains the largest remaining | 
deposits of Tertiarv goid-bearing gravel in the Sierra : 
Nevada: a significant portion of the total Tertiary | 
placer gold produced from California has been derived | 
here: a fairly large gold resource was believed to still | 
exist; and exposures and access are re.atively good. 


! 
i) 


PREVIOUS WORK 
The comprehensive report by Lindgren (1911) 
stands as a classic in its compiete and thorough cover- 
age of the Tertiary gravels ot the Sierra Nevada. I have 
drawn extensively from this work because much or the 
‘nformation that was available in Lindgren’s day. par- . 
riculariv concerning goid vaiues. nas vanished. Whit- 
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ney's discussion of the gravel (1880) is of interest 
because it was wntten during the height of the mining 
activity. A rather exhaustive quantitative study of the 
hydraulic mining debris that was made bv Gilbert 
(1917) is usetul when figuring average gold values. 
Early tolio maps by Lindgren (1900) and Lindgren and 
Turner (1895) show the distribution of Tertiary gravel 


| as well as hedrock (scale 1:125.000). The study area is 


covered by the more recent map compilation of Burnett 
and Jennings (1962). Good discussions of the geology 
of the gravel and information on potential gold 
resources are in Jenkins (1946), Averill (1946), Haley 
(1923), Hammond (1890), and Turner (1891). The 
Jarman (1927) report on the feasibility of resuming 
hydraulic mining contains a rather thorough summary 
of unmined gravel quantities. A report on the fossil 
flora contained in the gravel ( MacGinitie, 1941) is still 
our best evidence for establishing age and climatic 
conditions of deposition of at least the upper part of 
the gravel. Clark’s reports (1965. 1970) are handy 
useful references on the gravel and its occurrence 
throughout the Sierra Nevada. An informative up-to- 
date summary of the regional geology of the Sierra 
Nevada, including a discussion of both the bedrock and 
overlying rock units, is given by Bateman and Wahr- 
haftig (1966). An early publication derived from the 
studies bv the Geological Survey concerns the area on 
San Juan Ridge, particularly the gold resource and 
zeophvsical investigation of the gravel (Peterson and 
others. 1968). 
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GENERAL GEOLOGY 
Unmined gold-bearing gravels are mapped on plate 
?, which also snows the distribution of the overlving 
volcanic rocks and adjacent underiving metamorphic 
and igneous rocks. Only those areas known or believed 
to contain gold-bearing gravel were mapped for this 
study. 
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FIGURE 1.—Index map showing location of study area (patterned). 


BEDROCK 


Two tvpes of bedrock are shown on the geologic map: 
igneous and metamorphic. The distribution of ser- 
pentines and of some quartz veins is shown in figure 2. 

The metamorphic rocks are all low grade. They occur 
in a wide north-west-trending belt across the central 
part of the mapped area. Commonly referred to as the 
Calaveras Formation (Lindgren. 1900: Ferguson and 
Gannett. 1932) of late Paleozoic age, thev consist 
sostiv of fissile <late. siliceous phvllite. horntels. 
quartzite. and greenstone. In the eastern part ot the 
area are dark-gray slates of the Silurian(?) Shoo Fly 
Formation (Clark and others. 1962. p. B16. B17). 
Metamorphism has been so slight that many of the 

metasedimentary rocks still show well-preserved sedi- 


mentary textures and structures such as crossbedding, 
graded bedding, lenticular and wavy bedding, and 
alternating silt and clav beds. The slates and phyllites 
are locally rich in pyrite. A typical phyllite contains 
detrital quartz and feldspar in a groundmass of quartz. 
sericite. and chlorite. Mesozoic metavolcanic rocks 
tvpical of the western Sierra metamorphic belt ( Bate- 
man and Wahrhaftig, 1966. p. 113) occur in the 
extreme western part of the area. 

Mesozoic igneous rocks intrude the metamorphic 
rocks tnrougnout the area. Biotite-nornniende grano- 
diorite constitutes the two largest intrusive bodies in 
the eastern and western parts of the area. Smaller 
intrusive bodies consist of diorite. serpentine. gabbro, 
and diabase. A saussuritic granitic rock ricn in epidote 
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and allanite(?) was encountered in dniling below the : 


voicanic rocks on San Juan Ridge. A smail outcrop or 
a megascopicailv similar granitic rock is present in the 


middle reaches of Bloody Run Creek. just north of the - 
San Juan Ridge. Milky-wnite quartz veins locally - 


intrude the older metamorphic rocks (fig. 3) and are 
most prevalent in and adjacent to serpentine bodies 
(fig. 2). Siliceous zones and quartz veins within the 
metamorphic rocks commonly resist weathering and 
remain as mdges that stand above the surrounding land 
surtace. 


In this part of the Sierra Nevada. only the upper- . 


most levels of the granitic plutons have been exposed: 
large volumes of geosvnclinal sediments still exist as a 
“roof” cevering the igneous intrusions. Farther south 
in the range, the geosynclinal sedimentary “roof” rocks 





Crsune > —Porral ot the German Bar mine. located hetween 


snow Point and the Middle Yuba River. Slate anu yzreen- 
stone ot the Calaverns Formation are intruded by goid- 
bearing! .) quartz. a rock tvpe common in prevolcanie gravel. 
and the source tor much ot the goid contained tn the gravel. 
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nave been iargely removed. leaving large areas of the 
plutons exposed. 

The regionai structure consists of a large homocline 
dipping steepiv to the northeast. The rocks strike 
north-northwest. essentiaily parallel to the trend of 
the Sierra Nevada at this latitude. Localiv the rocks 
dip steeply southwest. Cleavage is well defined within 
the siates and moderately to poorly defined within the 
phyllites. Generally the cleavage parallels the bedding 
in the metasedimentary rocks. The general structural 
grain ot the metamorphic rocks seems to have con- 
trolled the emplacement of the serpentine, as shown by 
the long linear serpentine bodies that trend parallel to 
the general strike of the enclosing metamorphic rocks. 
The north-northwest-trending bedrock structures seem 
to have exerted limited control on the early Tertiary 
drainage system. Much of the ancestral Yuba River 
drainage parallels the strike of the bedrock from the 
North Fork of the American River to the present loca- 
tion ot the Middle Yuba River. roughly 20 miles. Other 
major portions of the drainage flowed at right angles to 
the strike ot the rocks. from east to west. 

A major fault north-striking, probably an extension 


! of the Melones fault (Burnett and Jennings, 1962). 


crosses the east end of San Juan Ridge, where it forms 
the boundarv between slates and serpentine. Small 
fau..s cut the ancestral Yuba River channel at several 
places. The evidence for these faults. though not alwavs 


‘ conclusive. consists of bedrock scarps. disrupted zones 


in bedrock. geophysical magnetic anomalies. and 
abrupt changes in channel floor elevations. Vertical 


| offsets are seldom more than 100 feet. 


GRAVEL 
Remnants of gravel deposits containing detrital gold 


_ are resent on the interstream divides. Generally these 


depcsits occur within well-defined channels cut into the 


_ older igneous and metamorphic bedrock complex. In a 


few areas. the enclosing bedrock channel has heen 


_ eroded. leaving isolated patches ot gravel capping low 
hints. 


The channel-fill deposit is here called a “gravel.” 
following the firmly established tradition of using this 
textural term when reterring to the deposit. ‘or 
example: Tertiary gravels (Lindgren. 1911: Merwin. 
1968: Wells. 1969), auriferous gravels (Whitney. 1880: 
Hammond. 1890). and gold-bearing channel gravel 
(Peterson and others. 1968). It should be emphasized. 
however. that the bulk of the deposit. particularly the 
upper part. is not composed ot zravel. but is predomi- 
nantiv sand. silt. and clav. The unit is distinguished 
trom vounger gravel. which mav or mav not contain 
detrital gold. by the absence of unmetamorphosed vol- 
-anic clasts. Younger gravel contains abundant clasts 
of rnvolite. andesite. and their weathering products. 
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Such vast amounts of gravel were removed by 
hydraulic mining that at some places bedrock is now 
xposed where thick gravel deposits formerly lay. In 
‘ther localities. for example. North Columbia and the 
southern part of the Badger Hill pit, large amounts of 
‘ravel remain. The hydraulic pits are outlined on the 
‘eologic map (pl.-1), and the areas where gravel was 
stripped all the wav to bedrock are shown. 

Although many of the gravel exposures have been 
solated by erosion. the major drainage system can be 
‘econstructed with reasonable certainty. (See section 
entitled ‘“‘Trace of Restored Channel.”) 


LOWER AND UPPER CONTACTS 


The basal gravel rests with pronounced angular 
unconformity on the steeply dipping slate and phyllite. 
Where the lower contact is well exposed, as on the floor 
of hvdraulic pits, the bedrock surface is smoothed, 
polished. grooved. and fluted (fig. 4). Both igneous and 
metamorphic bedrock show the typical erosional fea- 
tures associated with active river scour. The old erosion 
surface is generally intact on the granitic bedrock. In 
metamorphic bedrock. the surface was commonly 
broken up and destroved during mining. Rock cleavage, 
joints. and associated fractures that are more common 
within the slates and phvllites acted as natural traps 
for the lodgment of detrital gold particles. This fact 
was clearly evident to the early miners. who typically 
would tear up 1-5 feet of the old channel floor in their 
search for the entrapped gold. The granitic surface, 
generally smooth, presented a poor environment for the 
lodgment of gold particles. 

Outside the pits. the precise position of the lower 
contact at the margin or lateral boundary of the chan- 
nel is generally obscured by thick soil. and subtle evi- 





Ficure 4.—Fluted and scoured sranitic bedrock floor of the 
once gravel-filled channel exposed in a hvdraulic pit near 
Peterson s Corner 2 miles southwest of North San Juan. The 
overlving gravel was removed by hydraulic mining in the 
late 1890's. The river flowed toward the cbserver. 


! 





Ficure 5.—Surface of soil developed on phyllitic bedrock. Note 
angular bedrock chips remaining as a lag on soil surface. 


dence had to be used to locate the contact. In some 
places a topographic break indicates the contact posi- 
tion. Elsewhere. resistant rounded alluvial quartz 
pebbles indicate underlving gravel, and angular sili- 
ceous rock chips in the soil signify underlying bedrock 
(figs. 5. 6). The channel rim or edge, as evidenced by 
the contact of gravel and bedrock, could generally be 
correctly mapped to within 50 feet. Cuts showing 
weathered bedrock below the gravel were observed only 
near the margins of the old river channels. At these 
localities the weathered bedrock was preserved by the 
overlying gravels. It seems doubtful that weathered 
bedrock could survive active fluvial scour, as would have 
been common near the center of the river channel. 
The rocks overlying the gold-bearing gravel have 
only one unifving characteristic: they are rich in fresh 





Fictre. 6—Surtace of -oil developed on gold-bearing gravel. 
Note subrounded pebbles of quartz and siliceous phvllite 
weathering out of the alluvial gravel. Such subtle evidence 
as differences in decree of roundness or angularitv compare 
fiz. 5) is used tn locating gravel-pedrock contacts. Eveglass 
case indicates scale. 
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volcanic material. These younger rocks include: ben- | hydraulic pit at Moore's Flat (fig. 9). Granitic boulders 
tonite and tuff beds at North Columbia; volcanic | more than 6 feet in diameter are not uncommon at this 
cobble gravel at Scotts Flat, Chalk Bluffs, and Mala- | locality, and some are as much as 10 feet in diameter. 
koff Diggings; andesite breccia at Woolsey Flat; and | These boulders must have been transported at least 8 
colluvium at numerous localities. miles, the distance to the nearest upstream bedrock 
In contrast to the overlying rocks, the upper part of | exposure of similar porphyritic granite. Large boulders 
the auriferous gravel lacks volcanic detritus and is | 6-10 feet in diameter lie along the south side of the 
everywhere characterized by fine-grained alluvial mate- | Malakoff pit (fig. 10). The boulders probably have been 
nal such as sand, silt, and clay. In places where tuff | disturbed by mining activities and are not in place; but 
and bentonite overlie the gravel. the contact seems | as they probably were not moved very far. they do give 
gradational, and it does not look like erosion took place | some idea of the maximum boulder size in the lower 
between the deposition of the two units. Where the | gravel. These rocks are siliceous phyllite similar to the 
gold-bearing gravel is overlain by material such as vol- | bedrock in the Malakoff area. At Badger Hill and 
canic cobble beds, andesite breccia, or colluvium, the | French Corral, the lowest gravels are not exposed, and 
contact is quite clearly an erosional unconformity. the clasts are smaller than those at Malakoff and 
LITHOLOGY AND TEXTURES Moore’s Flat. Most of the lower gravel unit is exposed 

Close examination suggests that the gold-bearing ; 4t these localities and is predominantly of cobble size. 
gravel can be divided into an upper and a lower unit. | At Badger Hill, good exposures of the lower gravel unit 


Although the units are lithologically and texturally | 27 Seen in the walls of the lower hydraulic pit (fig. 11). 
distinct, no distinct contact can be selected. Conse- Imbrication within the cobble gravel is moderately well 


quently, the gravel was mapped as a single unit. For | developed and indicates a south-to-north current flow. 
text description. however, the gravel is divided into Size analyses of 26 samples of lower gravel collected 
SE throughout the area give the following averages (using 


Pebble counts were made at selected localities along | Wentworth’s size classification): cobble and boulder 
| 





the channel in both the upper and lower gravel units. sabes mm), 13 percent; pore (64 to 4 mm), 56 per- 
At similar sampling points, percentages of the different | Cent: granule eae (4 to tic mm), 28 percent; and 
size clasts were measured by screening and weighing | Silt and clay (<'i mm), 3 percent. Because of the 
the various size fractions. Field descriptions of meas- | 8T€at variability in texture of the lower gravel both 
ured gravel sections at Woolsey Flat, Malakoff Dig- vertically and laterally along the channel, these figures 
gings, North Columbia. Badger Hill. and Chalk Bluffs | ™ay be meaningless when applied to any one area. 
are given with sections on plate 2 and figures 7 and 8. | However, they can be useful in a general comparison of 
Descriptive gravel sections of the drill holes on San | texture of the total unit with the textures of the upper 
Juan Ridge and in the North Columbia hydraulic pit gravel. Sorting in this lower unit, as would be expected 
are shown on plate 2. in a coarse gravel, is poor. ) . 
Results of the studies of the heavv minerals and Pebble counts of the 16- to 32-mm size fraction give 
detrital gold obtained from the gravels are discussed | the following averages from 26 samples: bluish-black 


| 
under the sections “Placer Gold” and “Other Heavy | Siliceous slate, 52 percent: weathered igneous rocks, 31 
Minerals #2 " | percent; milky quartz. 12 percent; other, 5 percent. 
| 
{ 


The compositionally immature nature of the lower 
gravel indicated by the pebble count is substantiated 
by the heavy minerals present. Chlorite, amphibole. 
and epidote are common within the lower gravels. 
whereas they are conspicuously absent from the upper 
gravel. 

The lower gravel varies in thickness from 70 to 140 


LOWER GRAVEL 

The lower gravel contains most of the gold and con- 
sequently was the unit most sought by the early 
miners. Relatively few exposures of the lower gravel 
can be found, as it was either completely mined out or, 
because of the thick cover of overlving gold-poor upper 
gravel, was never exposed. Localities where the lower 
gravel could be seen in 1968 include the hydraulic pits | feet. depending on where one places the upper bound- 
at French Corral, Birchville, Badger Hill, Moore's Flat, | arv. Generally the boundarv is placed where pebble 
Sailor Flat. Little York, Dutch Flat, and the unnamed | and cobble gravel is replaced upward bv beds that are 
hvdraulic pit 1 mile northeast of Edwards Crossing | predominantly pebble and sand. The lower 130 feet of 
near Spring Creek. Even fewer exposures can be found measured section at Malakoff Diggings probably cor- 
of undisturbed lower gravel resting on bedrock. One . responds to the lower gravel (pl. 2). Most of this part 
such exposure is near the northwest edge of the |: of the section consists of cobbles and pebbles: boulders 




























GENERAL GEOLOGY 


Nortn 
Soi zone 


Pebbie and coarse sand-grave!: pedbies of 
white Quartz COMMON: some smoky Diack 
quartz: few peobies of siate and onyiiite, 
pebole beds aiternate with coarse sand beds: 
crossbedding common: fragments of Clav 

beds incorporated in some sands as ‘r10-up 
structures 


Covered interval 
Floor of upper nydraulic pit 


! 
| " Cobble and pebble gravel: clasts 
£ oo. d well rounded, mostty siate and 
| ppt od ls mel ° e phyllite; some sand zones; im- 
' 150° — Slotee OFOSO NG? S Al 44 cf O° 2] brication of cobbles moderately 
| iy 2 -) 4" g a] well displayed, indicating current 
| | ; 2 0 2 3 SR, k flowed from south to north 
\ 7 5 « 6 
; GDP 2° ° oe 2 2 ¢ 
Ize TES Me ibe 
9Dee oa o 28 P 
; here me, s ; 
Z A229f497 a 
Pht pio. the wrecae a} agin ee 
E on 8 2208200 DO tery an” 
> ? ag a aa 
20022 
> 
3 
~ 
i 
! 
‘ 
3 
S,. tiled Boulder, cobble, ana pebble gravel: 
CAs boulders subangular to subrounced 
| oo WET ou 
| Jie — Boulder gravei, 1-2’ in diameter 
250° Pie —2=—\. pouiders of diorite ana siate 
fistdd, Covered interval 
A Scar ey en 
ps on 
en fe oleae tS ae aera 
7°. Dione. pt ri a A ee Bedrock 
: ie Anes) is Bae Se Pe (Slate and phyllite \ i Floor of lower pit 
re \ : 





FIGURE 7.—Composite section of gold-bearing gravel exposed in the Badger Hill diggings. 
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FIGURE 8.—Section measured at Chalk Bluffs showing the change from the upper gold-bearing gravel to volcanic sedi- 
mentary rocks and andesite breccia. The section is located on the east side of the large hydraulic pit near You Bet. 


appear in only the lowest 30 feet. All exposed gravel 


measured at Woolsey Flat is in the upper gravel. The - 


lower 75 feet of section is covered but presumably 
would contain the lower gravel unit (pl. 2). The gravel 
secuion measured at Nortn Columbia is part of a com- 
posite section shown on piate 2 as hole A. The descrip- 
tion oi the upper 30 teet and lower 260 feet of this 
section was obtained trom drill-hole data. The descrip- 
tion wr the middle part ot the section (260 feet) was 
made from outcrops within the hydraulic pit. A great 
deal more information could be obtained about textures 


trom the actual exposures than from the drill data. The 
churn drill shattered all the coarse constituents of the 
gravel to sand size and smaller and made reconstruc- 
tion of original textures and lithologies exceedingly 
diticult. On the basis of such drilling characteristics 
which can be usetul indicators of boulders and cobbles. 
it would appear that the lower 90-100 feet of gravel 
urilled is of the lower gravei unit. roughly correspond- 
ing to the heavv mineral zones III and IV as discussed 
in the section “Other Heavy Minerals.” The lower 
gravel at Badger Hill is approximately 140 feet thick. 
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i? ‘ wet. The color is clearly due to the high content of 
38%)  bluish-gray-colored slates and phyllites derived from 

the ubiquitous Calaveras Formation. The blue-gray 
gravel contrasts markedly with the overlying oxidized 
gravel, the upper unit, sometimes called the red gravel. 
The differences between the two appear to be those 
produced by oxidation. The general textures and lithol- 
ogies of the clasts are similar. As Lindgren (1911, p. 
76) pointed out, the blue gravel is a zone below the 
water table in which reducing conditions prevail and 
is not a distinct lithologic unit different in composition 
and origin from the overlying oxidized gravel. Second- 
ary pyrite coats pebbles and is disseminated through 
the matrix of the blue gravel at many localities. The 
origin of the pyrite is discussed in the section “Second: 





Ficure 9.—Lower gravel exposed in the hydraulic pit at Moore's | 
Flat. Boulders 6 feet 1n diameter (note rock hammer on ieft : 
boulder) are porphyritic granite. Bedrock is below bottom 
of picture. 


At this locality, hydraulic mining proceeded on two 
levels corresponding to the upper and lower gravel units 
(fig. 7). 

Where recent mining activities have exposed fresh. 
unweathered lower gravel. as at French Corral and 
Birchville. two units can be recognized within the lower | 
sravel. a blue and a red. The lower unit. referred to by | 
the older miners as blue gravel. blue lead, or blue clay, | 
is water saturated. appears to be unoxidized, and is | 
bluish grav. These colors are especially noticeable when 





FIGURE 11.—Lower gravel in the Badger Hill hvdraulic pit. 
View is west near northernmost part ot pit. Gravel is exposed 
on side of pit. and bedrock slopes up steeniv beneath gravel. 





icURE 10.—Poulders are as much as 10 feet in diameter near | Gravei-bedrock contact is not exposed bur probably is 20-30 
ihe tloor ot the Malakoff hvdraulic pit. View is north across | feet below lowest exposure ot coarse gravei Larzest boulders 
lake in west end ot pit. Boulders are siliceous phyllite similar ; | exposed are 3 feet in diameter. Note aiuminum notebook for 


to bedrock In area. scale. 
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FiGURE 12.—Upper hydraulic pit at Badger Hill Diggings. Upper cravel is exposed in pit walls. View is west across pit. 


arv Sulfides.” At those places where the water table 
is within the upper gravel as at North Columbia, all the 
lower gravel is blue (zones III and IV, pl. 2). 


UPPER GRAVEL 


rok 
and boulder. 1 percent: pebble. 41 percent: zranule and 


sand. 53 percent: and silt and clay. 5 percent. These 
averages do not retlect the total amount ot clay in the 


' section. because the samples generally were collected 


The upper gravel, unlike the lower, is exposed more . 


or less continuously along the old river channel. It is 


commonly exposed in cliff faces and constitutes the : 


bulk of the deposit in most areas. Figure 12 shows typi- 


cal exposures in the hydraulic pit at Badger Hill : 


Diggings. 
Features that help distinguish the upper gravel from 


from sand and pebble units for the purpose of studving 
the detrital gold and other heavy minerals. Pebble 
counts of the 16- to 32-mm size fraction show: white 
quartz. 52 percent: siliceous slate. 40 percent: quartz- 


_ ite, 7 percent: other constituents. 1 percent. The figure 


of 52 percent white quartz contrasts markedly with the 


12 percent obtained as the average within the lower 


the lower are: (1) the generally finer grain, clasts . 
rarelv being larger than pebble size: (2) the abundance 
of clay and silt beds; (3) compositional maturity of the . 


clasts—milky-white quartz and quartzite are very 
abundant and sand and silt-size grains are predomi- 
nantly quartz: (4) the heavy-mineral content, almost 
exclusively zircon, ilmenite, and magnetite. 
Crossbedding and cut-and-fill features are common 
sedimentary structures within the upper gravel. Large, 
sweeping crossbeds 8 feet across are observed in places. 
Associated with the finer grained character of this 
gravel is pronounced bedding and fair to good sorting. 
Pebble beds are most prevalent in the lower part of the 


r gravel. and clay beds are common in the upper : 
ape y : and of spotty occurrence and could not be mapped at 


part of the section. Commonly the clay is greenish grav 
and weathers to brown. Thin sand and silt zones, gen- 
erally less than a foot thick and heavily impregnated 
with iron oxide. occur sporadically throughout the 
upper gravels. These zones are possible evidence of old 
water tables within the gravel. Five such zones were 
noted in the upper gravel at Malakoff in 325 feet of 
section (pl. 2). 

Size analvses of the upper gravel determined from 35 
different localities give the following averages: cobble 


- 


gravel and points up one ot the major lithologic differ- 
ences between the two units. The gold value of the 
upper gravel. as discussed in detail in section “Gold 
Values Old and New.” is generally low. rarely more 
than 30.02 per cubic vard. 

The maximum measured thickness of upper gravel. 
400 feet, is in the North Columbia pit (pl. 2). In this 
pit. the lower 160 feet of the upper gravel is below the 
water table, and sulfides and carbonized wood are 
common within it. As the upper gravel at North 
Columbia grades upward into bentonitic clay and tuff 
of volcanic origin with no apparent depositional break. 
the section here probably is more or less complete. The 
overlying volcanic rocks at North Columbia are thin 


the scales used. For mapping purposes. thev have been 
included in the prevolcanic gravel unit. At Malakoff 
Diggings (pl. 2) there is at least 325 feet of the upper 
gravel unit. Many of the clay beds exposed in the 
hydraulic cliffs have failed and mud and earth flows 
are common in the pit. Here also some ot the ciavs in 
the upper part of the section are probablv of volcanic 
origin. At Woolsey Flat (pl. 2) there is approximately 
200 feet of upper gravel. The lower boundary is not 
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exposed. Carbonized wood in the lower part of the : 


upper gravel marks a position below the water table. 
At Badger Hill about 125 feet of upper gravel 
remains ‘fig. 7). Silicified wood, distributed sporadic- 
ally throughout the upper gravel. is particularly abun- 
dant. At Chalk Bluffs (fig. 8), only the uppermost part 
of the upper gravel was measured. Here the upper 
boundary is distinct and is marked by a cobble con- 


clomerate with abundant volcanic clasts resting with | 


erosional unconformity on sand of the upper gravel unit. 


CHANNEL CONFIGURATION 


The diagrammatic sections of figure 13 show an 
idealized Tertiary channel covered by volcanic rocks 
and an example of land surface that develops when the 
volcanic cover is eroded away. The porous and perme- 
able gravel. once exposed. is more resistant to erosion 
than the bordering bedrock. be it granitic or slate. At 
the few localities where the gravel has not been mined, 


the channel is expressed as a low ridge. a topographic : 


reversal of what originally was a linear depression. 


Rainwater tends to percolate into the gravel instead of . 


running off and thus causes little physical erosion. The 
quartz and quartzite rock types common in the upper 
cravel further resist chemical breakdown. A short 
stretch of the channel between French Corral and 
Birchville is a characteristic gravel ridge marking the 
channei location (fig. 14). 


In the North Columbia area. the channel is verv ' 
broad and the gravel thick: 15 miles downstream, the - 


gravel is much thinner and occupies a narrower channel ; ~" ; : 
ae ee “ : North Columbia (pl. 2, index map). The composite 


(fig. 14). The channel configuration at North Columbia 


is determined from five holes drilled to bedrock across . 


the channel in the earlv 1900’s by private interests. 


Exposures of bedrock throughout much of the area : 


trom Birchville to French Corral allow an accurate 
depiction of the configuration of the channel floor. An 
adequate. explanation for the marked difference in 
channel size between the two areas is not apparent. The 
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Fict re 13 —Diagrammatic cross section of an idealized gravel- 
filled Tertiary channel showing rock relations before. (4). 
and after 'B). erosion of covering voicanic rocks. 
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FIGURE 14.—Cross sections of gravel-filled channels near North 
Columbia and French Corral. French Corral is approximately 
13 miles downstream from North Columbia uiong the ances- 
tral Yuba River. Lines of sections are shown on plate 1. 


gravel in the French Corral area belongs to the lower 
unit: one explanation for the absence of the upper unit 
is that it has been eroded away. The French Corral 
area hes farther from the existing volcanic covering 
rocks than the North Columbia area: most likely the 
gravel at French Corral has been exposed to erosion 
for a longer period of time. 


AGE 


Fossil leaves were found at only one locality within 
the study area. within clay beds in the lower pit at 


stratigraphic section measured in the North Columbia 
area (pl. 2. hole A) shows that the leaf horizon is near 
the middle of the upper gravel. The flora in this horizon 
is similar to that described and dated bv MacGinitie 
(1941) as late early Eocene (Bateman and Wahrhaftig, 
1966, p. 135). The stratigraphic horizon at Chalk 


. Bluffs, for which MacGinitie named the Chalk Bluffs 


flora (MacGinitie, 1941), is below the lowest part of 
the section shown in figure 8. 

While drilling along the margin of the hydraulic 
diggings at North Columbia. several biotite-rich tuff 


_ beds were found. These beds lie within 25 feet of the 
' ground surface and within 20 feet of the contact 


between the gravel and the volcanic sediment (pl. 2, 
hole A). The biotite. generally fresh looking, was dated 
by potassium-argon analysis at 37.9=1 m.v. ‘million 
vears). (Analvses were by Lois Schlocker and Jarel 
von Essen. U.S. Geol. Survey. Menlo Park. Calif.) This 
date. roughly the Eocene-Oligocene boundary. sug- 
gests that the upper half of the upper gold-bearing 
gravel was deposited during the late Eocene. 
Approximately 18 airline miles north of the study 
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area. in the vicinity of the town of La Porte. a dacite | 
tuff is preserved in one of the channels containing goid- | 
bearing gravel. The tuff was deposited in a depression | 
cut into the upper prevolcanic gravel unit and a coarse ' 


volcanic gravel (fig. 15) that may be correlative with 
the coarse volcanic gravel exposed in the Chalk ‘Bluffs 
(fig. 8). The dacite tuff at La Porte has been dated by 


James. 1964). A leaf flora within the tuff is dated as 
early Oligocene ( Wolfe and others. 1961). These dates 
at La Porte nicely fit the age determined for the rocks 
in the North Columbia pit and indicate that volcanism 
began in the general area near the beginning of the 
Oligocene. The Chalk Bluffs flora further indicates that 
most of the gold-bearing gravel. including all the lower 
gravel and some of the upper gravel unit. was deposited 


| 
\ 


potassium-argon methods at 32.4 m.y. (Evernden and | 


| 


prior to the middle Eocene. This period of deposition : 
may have taken all of the early Eocene and perhaps | 


part of the Paleocene. 


The Ione Formation of Eocene age (Merriam and | 
Turner. 1937. and Bowen. 1962). exposed sporadically ' 
along the east margin of the Great Valley, has been | 
correlated with the gold-bearing quartz gravel (Allen. ; 


1929). The formation has been shown to consist of two 


members (Pask and Turner. 1952), the lower of which | 


is compositionally more mature than the upper. If there | 


is a correlation between the Ione Formation and the 
prevolcanic gold-bearing cravel, it would seem that 


the lower member of the Ione would correlate with the : 


upper member ot the gold-bearing gravel. The primary 


basis for this correlation would be the approximate ° 


equivalence uf age and similarities of gross lithology, , 


including the heavv-mineral suites. Compositionally 


immature sedimentary rocks underiving the Ione. . 
informally called lower Eocene deposits of the Foothills : 


hy Bateman and Wahrhatug ' 1966. p.-129). may then 
correlate with the lower gold-hearing gravel unit. 
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SEDIMENTARY AND VOLCANIC ROCKS 

Capping the ridges between the major drainages is 
a blanket of sedimentary and volcanic rocks of diverse 
textures. These rocks have been divided into two units 
for mapping purposes—a iower unit composed of sedi- 
mentary rocks rich in volcanic detritus and an upper 
unit made up of a coarse andesite breccia, andesite 
cobble gravel, and rhyolitic tuff. 

VOLCANIC SEDIMENTARY ROCKS 

The unit mapped as volcanic sedimentary rocks com- 
prises coarse gravels. sands. silts. clays, and tuffs, all 
characterized by a high percentage of volcanic-derived 
clastic material. The contact with the underlying gold- 
bearing gravel has been discussed. Sections containing 
volcanic sedimentary rocks are shown on plate 2 and 
figures 8 and 15. These rocks occur discontinuously 
below the overlying andesite breccia. The upper con- 
tact with the breccia characteristically is erosional; and 
it is presumed that. although originally widespread. 
the rocks were eroded from many areas prior to deposi- 
tion of the andesite breccia. The only subunit within 
this map unit that appears to be at all persistent across 
the region is a coarse cobble gravel. observed at Chalk 
Bluffs (fig. 8), Scotts Flat. Malakoff Diggings (pl. 2), 
and La Porte (fig. 15). At Chalk Bluffs and La Porte, 
it occurs as the lowest subunit. The gravel contains 
both andesite and nonvolcanic cobbles and pebbles. 
The volcanic gravel at Scotts Flat. about 20 feet thick, 
contains gold equal to 30.20 to 30.30 per cubic yard, as 
determined from two large pans of gravel. 

Rhyolitic tuffs. both fresh and reworked, are present 
at Chalk Bluffs and below the Columbia Hill lookout 
on San Juan Ridge, north of Nevada City. Chalk Bluffs 
derived their name from a massive white tuff that 
forms a prominent cliff bordering the hydraulic pits 
near Red Dog and You Bet. A thin tuff bed overlying 
the gravel near North Columbia contains the biotite 
dated at 37.9=1 my. 

The volcanic sedimentary rocks reach a maximum 
thickness of 120 feet at Chalk Bluffs and along the 
Graniteville Road below the Columbia Hill Lookout. 

Part of this section may correlate with the Valley 
Springs Formation (Piper and others. 1939). which is 
composed of rhyolite tuffs and associated clastic rocks. 
but the date of 37.9 m.v. for the tuff at North Columbia 
suggests that these rocks may be somewhat older than 
the Vallev Springs. which was dated as 20-30 my. 
( Dalrymple. 1964). 

ANDESITE BRECCIA AND GRAVEL 

The upper unit is composed primaniy ot andesite 
breccia with intercalated cobble and boulder gravei. 
The breccia is poorly sorted and fragments are angular: 
some blocks are as much as 5 feet in diameter: com- 
moniv the lrazments are 5 inches (9 a 100% in diameter. 


ee ones sme 
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The moderately well indurated light-grav matrix is 


omposed ot fine sand-size andesitic debris. At several ; 


localities. Zones containing rounded, apparentlv water- 
worn condles and boulders are intercalated with the 


‘ 


_with the andesite breccia and are mapped as part of 


breccia. A typical gravel horizon is present within the : 
hreccia on San Juan Ridge exposed along the road | 
‘eading down to Bloody Run Creek (fig.°16). Several : 
-uch horizons were encountered 400-500 feet below the - 
top of the breccia on San Juan Ridge. These boulder - 
zones are good aquiiers. and springs are common where : 


they crop out, particularly in a moderately thick sec- 
tion of andesite gravel along the Relief Hill Road above 
the old mining town of Relief. 

Thick deposits of andesite gravel, formerly believed 
to belong to the older volcanic unit, cap Montezuma 


| 


! 


Hill. Bunker Hill. and Round Mountain. The expo- | 


sures at Round Mountain show stratigraphic continuity 





FicGUrRE 16 —Exposure of andesite breccia overlying andesite | 


boulder gravel on San Juan Ridce along road to Bloody Run 
Creen. Lurgest boulder in photo ts 5 feet in iength. 


the vounger volcanic unit. 

The tour drill holes on San Juan Ridge penetrated 
510-550 feet of volcanic breccia and intercalated gravel. 
The thickness varies markedly on Washington and 
Harmony Ridges, where the breccia was deposited 
across the boundary of a highland surface extending to 
the east and a somewhat flatter, lower surface occupied 
by the ancestral Yuba River to the west. 

The breccia seems to be made up of a series of mud- 
flows separated by a few preserved soil horizons. The 
flows eventually filled most of the depressions in the 
land surface, forming a broad, fairly flat surface. Rem- 
nants of this constructional surface are preserved as 
the west-sloping interfluves of the northern Sierra. The 
concordant elevation and slope of this surface across 
the drainages is easily mistaken for an old erosion 
surtace. 

A rhyolitic, biotite-rich tuff is present in the southern 
part of the area along the Southern Pacific Railroed 
tracks between Alta and Dutch Flat. Samples of the 
tuff were collected from a roadcut along the paved 
highway leading to the California Division of Forestry 
Headquarters near the town of Alta. where the tuff 
overlies both bedrock and a thin section of cobble 
gravel. A potassium-argon date on biotite from the tuff 
was determined at 8.7—0.5 m.yv.; this date indicates 
that the tuff correlates with latites that are farther 
south in the Sierra Nevada which are dated 8.8 to 9.0 
m.y. (Dalrvmple, 1963). 

This upper unit of andesite breccia and gravel re- 
sembles the Miocene and Pliocene Mehrten Formation 
described from other areas in the Sierra Nevada ( Piper 
and others. 1939; Curtis. 1954), as well as the Miocene 
and Pliocene Disaster Peak and Relief Peak Forma- 
tions of Slemmons (1966) of the central Sierra Nevada. 
Direct correlation with these formations has not been 
established. Andesitic mudflows and conglomerates 
deposited in this same stratigraphic interval. above the 
Valley Springs Formation. have been dated at 19 to 5 
m.v. (Dalrvmple. 1964). 


COLLUVIUM 


A blanket of landslide debris termed “colluvium.” 
composed predominantly of andesite breccia. borders 
many of the steep slopes capped by the breccia. The 
colluvium has an irregular, hummocky, and sometimes 
blocky surface. indicating little modifications since its 
formation. It is thickest near the steep slopes of the 
undisturbed volcanic breccia, where it commonly 
grades into talus. Generally, the colluvial mantle is 
several tens of feet thick and may extend as much as 2? 
miles trom the volcanic cliffs. 

The coiluvium is pernaps thickest and most wide- 
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spread at the locations where the prevolcanic-gravei- 
filled channels disappear beneath the volcanic rocks 
capping the ridges. The weak clay in the upper unit of 
the prevolcanic gravel is probably instrumental in the 
common slope failure at this location. Slope tailure 
might be expected where a thick laver of relatively por- 
ous, water-saturated volcanic rocks overlies weak clays. 
Consequently. the presence of colluvium can be used as 
an indicator of buried gold-bearing gravel that might 
otherwise be unsuspected. 

Colluvium undoubtedly accumulated as soon as 


erosion began to remove the volcanic breccia, and as © 


the breccia scarp retreated, a mantle of colluvium con- 
tinued to form at its base. The rate of erosion and collu- 
vium accumulation probably reached a maximum dur- 
ing the wet periods of the Pleistocene. and most of the 
present culluvium probably formed at that time. 


PLACER GOLD 


Any study ot the characteristics and distribution ot 
gold in the Tertiary gravel must be undertaken with 
the realization that the most accessible and readily at- 
tained gold has been removed by the mining methods 
of the late 19th and early 20th centuries. Information 
on gold values of the mined-out deposits can be ob- 
tained only trom scanty information recorded by the 
carly miners. some mining companies. and an occasional 
xeologic report. Only in those areas where the gold-rich 
sortion of the gravel is covered by thick deposits of 
jow-urade gravel. voleanic breccia. and colluvium is it 
now possible to obtain first-hand information about the 
occurrence of the Tertiary placer gold. 

One of the major objectives in drilling three holes in 
the thick gravel in the North Culumbia diggings was to 
obtain samples otf a complete unmined gravel section 
in order to study the goid characteristics and vertical 
distribution and to compare values with gold values 
determined from earlier (1939) drilling in the -ame 
area. It also made possible a comparison with gold 
values reported for gravel elsewhere within the ances- 
tral Yuba drainage. 


DRILL HOLES. NORTH COLUMBIA DIGGINGS 


Three churn drill holes in the North Columbia dig- 
ings penetrated 308-455 feet of gold-bearing gravel 
ipl. 2). Hole A was drilled on the upper bench at a posi- 
tion determined from earlier (1959) drilling to be near 
the channel center as based on the lowest elevation ot 
bedrock. Holes B and C were drilled on the lower bench. 
also near the channel center. Hole B was drilled to 
establish the validity of a geophysical interpretation o1 
depth to bedrock—an interpretation that did nor fit 
the information derived trom the earlier drilling. Hole 
B aiso provided data usetul in comparing gold values 


over a short interval (<200 feet) lateraily across the 
channel. All three holes were drilled 10 feet trom earlier 
drill holes. a distance that permits comparison of gold 
values without the hazard of encountering cave-in 
material and disturbed ground associated with the 
uncased holes. 

“All the holes were drilled with a cable-tool drill, also 
termed a churn drill. placer drill. or kevstone drill. using 
a 6-inch drive pipe and a *.5-inch drive shoe. Casing 
was driven to a depth ot 398 feet in hole A. 232 feet in 
hole B. and 226 feet in hole C, at which depths the drill 
encountered houlders or cemented gravel sufficiently 
hard to prevent further driving. The gravel was well 
cemented below the bottom of the casing. allowing an 
open hole to be drilled without fear of caving. All the 
material drilled in all three holes was collected, and the 
samples separated every 5 feet in the upper. gold-poor 
zravel and everv 1-5 feet in the lower high-value gravel. 
Drilling of hole A was begun September 4. 1968. and 
hole C was completed December 9. 1968. 

METHODS OF GOLD RECOVFRY AND 
VALUE DETERMINATION 

Samples were panned at the drill sites as they were 
“hailed” from the drill hole (fig. 17). Guld colors were 
noted from each panned concentrate and the concen- 
trate dried and stored in alass vials. As a check to deter- 
mune the effectiveness of recovering fine gold from the 
drill hole. eight distinctive gold flakes ranging in diam- 
eter trom 2 mm to 0.25 mm were dropped and washed 
down the hole when drilling at a depth of about 150 
feet within the gold-poor section. It was reassuring to 
recover all eight gold flakes within the next two samples 
collected. following each drive ot 5 feet. 

In the laboratory. gold values were determined for 
each panned concentrate by handpicking and weighing 
the detrital gold fragments. Amalgamation with mer- 
curv was not done tor several reasons. [t seemed impor- 
tant not to destroy the original size and surface 
characteristics of the gold fragments useful for further 
-tudy. and it was discovered that as much as 20 percent 
of the gold in some of the lower samples would not 
amalgamate. “Roughing up” the gold in the pan. clean- 
ing with the ultrasonic probe. and boiling in separate 
acid solutions of HCL and HNO. although improving 
the amalgamating properties. did not allow recovery of 
all the gold. U-ing a binocular microscope and a large 
hand magnifving glass. it was possible to effect a clean 
<eparation rather quickly. As most of the gold frag- 
rments were larger than 1 mm in diameter. the grains 
were easily scen and quickly removed with the aid of a 
‘ine camel's-hair brush. The gold from each sample was 
~eighed to the nearest tenth of a milligram. Knowing 
the diameter ot the drill hole and the length of hole 
represented bv cach sample. owas a simple matter ty 
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Fictre 17.—Panning churn drill samples from hole A in the | 
hydraulic pit near North Columbia. Panner. August Ebbert. 
1s a former hydraulic miner. 


calculate gold values. The value of gold in cents per | 
milligram was determined using a price of 335.00 per 
ounce and a fineness of 885, the average fineness of 
placer gold obtained in California ( Wells, 1969, p. 99). 
The following formula was used to determine gold | 
values, \’, in cents per milligram 


pal Erice genes: Od gv eiedioeebr1 214 


31,103 | 
substituting values | 
35 « 885 « 0.1 
es cia chal Bs 0996 
: 31,103 wins 


This figure was sufficiently close to 0.10 cent to round | 
off for subsequent value calculations. 

The “Radford” factor ( Wells. 1969. p. 33) was used | 
in computing hole volume. Theoretically a 7.5-inch | 
drive shoe should cut 0.3068 square feet of material, | 
but because of rounding and abrasion. it probably cuts | 
less. The “Radford” factor implies a 7.5-inch drive shoe ; 
will cut. on an average, 0.27 square feet of material. A | 
1-toot drive wouid include a sampie volume of 0.27 
cubic feet or 1/100 cubic yard. Using the “Radford” | 
factor. gold values can be computed by the following | 
formula 


ee eee Ae ee Ne ep 
cents per cubic yard =——————__—_ 


nae 1 p. 34), 
where 
Wo = weight ot goid in milligrams. 
Vo = value ot gold in cents per milligram. 
A = effective area of drive shoe in square feet. 
D length of sample in feet. and 


°7 = cubic feet in cubic vard. 
For example. vaiue caiculations tor a 2-foot section of 


the lower part of hole A (422-424 ft.), if 
W = 45 milligrams ot gold. 
V = 0.1 (as just calculated), 
aA = 0.27 ‘Radford factor), and 
OP =a 
45)X).0.145.27 


ic vard =—————_—" — $2.95 
cents per cubic vard = 0372 9 eee 


GOLD VALUES OLD AND NEW 
Gold values in dollars per cubic vard are shown ior 


| holes A, B, and C on plate 2. In all three holes, the lower 


80-100 feet contains the bulk of the gold. The richest 
sample consisted of a 2-foot interval in hole B (277-279 
feet), which contained gold equal to a $6.35 per cubic 
yard. A 5-foot section of hole C (289-294 feet) gave a 


! value of $2.S0 per cubic vard. the highest for that hole: 
| and the interval 420-122 feet in hole A produced values 
, Of $2.60 per cubic vard. the highest for hole A. Above 


the high-value zone in the lower part of each hole. 
values do not exceed 12 cents per cubic vard and rarely 
exceed 2 cents per cubic vard. 

The upper 10 feet of bedrock in holes B and C contain 
appreciable goid. probably gold lodged in the fractures 
of the bedrock by fluvial processes and not lode gold. 
The values drop off rapidly as the holes penetrate 


_ deeper. and presumably fresher. less-weathered bed- 


rock. The old adage that gold values are alwavs highest 
on the bedrock does not seem to obtain here. In hole A 


' gold values are quite low on the bedrock and increase 


upward to a maximum at 12-25 feet above bedrock. 
Clay beds in the lower gravel, if correctly placed as 
interpreted from drilling characteristics, do not seem 
to act as barriers or false bedrock horizons, for gold 
values do not seem to he in any wav related to them. 
Although holes B and C are separated by no more 
than 200 feet horizontally. there is considerable varia- 
tion in gold content between the two. Other than the 


| lower bedrock contact. it would be difficult to correlate 


any overlving zones solely on the basis of gold values. 


| However, the 1939 drilling indicates high values near 


the 250-260-foot level (fig. 18) for all three holes. 
Samples trom the 1939 drilling vielded considerably 

higher values than samples from the 1968 drilling for 

holes at the same locations (fig. 18). Hole B was drilled 


' to a depth of only 145 feet in 1939. at which point the 


clay-rich material penetrated was interpreted to be 
weathered bedrock. A retraction seismic profile that 


. was run across the location of hole B in 1267 indicated 


deeper bedrock. and the 1968 drilling program proved 
this interpretation to be correct. Real differences in 
gold values due to the slight shift in position of the drill 
holes would be expected to balance. Weighted averages 
show that the differences do not balance: rather. values 
obtained by the 1968 drilling are approximately 50 per- 
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FiGtre 18 —Comparison of gold values ‘per cu vd) obtained 
by drilling. 1939 and 1968. North Columbia hydraulic pit. 


cent of those obtained from the 1939 drilling (table 1). 
Different methods of recovery. sample concentration. 
and value calculation must be responsible for the con- 
sistent difference in evaluation. It is impossible to say 
with the information availabie which evaluation 1s more 
correct. 

4 retail ot BL holies were drilled and sampled in the 
North Columbia diggings in 1959. U-ing the drill rec- 
ords trom these holes (made available by the property 
aatiets bad owasndetermnedar sats 4 & million cubic 
wards ut the lower zravel contained +17.7 mulion in 


gold at an average grade of §1.2 cents per cubic yard 
(Peterson and others. 1968, p. 10). To conservatively 
evaluate the gold-producing gravel, we should probably 
consider reducing the total figure obtained from the 
1939 drilling by as much as 50 percent (table 1). This 
gives a total of $8.6 million. It must be kept in mind 
that this figure is more correct only if the gold values 
obtained from our 1968 sampling program are more 
accurate than those obtained in 1939. 

Gold values for upper and lower gravel at selected 
localities obtained from both published and unpub- 
lished reports on the production records and drilling 
(sampling) in the area are given in table 2. Some cau- 


- tion is advisable in evaluating the data, for much of 


this information. before being permanently recorded, 
existed as hearsay or speculation passed by word of 
mouth. If. however. it is assumed that these figures are 
approximately correct. it is apparent that the values 
vary widely from place to place along the channel. The 
relatively high values at Liberty Hill. French Corral, 
and Smartville probably can be attributed to the al- 
most exclusive presence of the lower gravel at those 
places. The thick low-grade upper gravel prevalent in 
many of the other areas was virtually absent at these 


_ localities. 


In figuring the averages. the abnormally high values 
of the lower gravel at Derbec and in the area from 


' Dutch Flat to Indiana Hill were excluded because 


these values were determined from the unusually rich 
gravel mined within only a few feet of bedrock. The 
averages of 30.13 and 30.59 per cubic vard for the upper 
and lower gravel. respectively. probably are representa- 
tive values in generalizing about the vast amount of 
gravel along the major tributaries of the ancestral 
Yuha River. 


SIZE. SHAPE. AND SURFACE CHARACTERISTICS 
OF THE GOLD 


The unamalgamated detrital gold recovered from 
drill holes A. B. and C was studied with the aid of a 


TaBLe |.—Compartson of gold values obtained from drilling. 
2939 and 1968, in North Columbia hydraulic ptt at 
approximately the same location 
“Values expressed as duilars per cubic yard at gold prices of 335 per oz) 
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and drill sampling for selected areas along the ancestral 
Yuba River 
[Values adjusted to a $35.00 per oz gold price) 
Fee PE eet eg ah le Be 


Upper Lower Undiffer- 
gravel grave entiated ig 


TaBLe 2.—Gold values in dollars, obtained from mining records | 


Lueauon 

















Gold Run .. ......-.. 0.24-0.32 Hydraulic 
: i Mining 
Comm. of | 
Calif. | 
Dutch Flat to ' 
Tha tand Hill .. 19 (up to 15.00) pandareny 1911] 
p. 71. 
see ee .185 .68 .43 Hydraulic 
Dutch Flat tee 
Comm. of 
Calif. 
Liberty Hill ........ 24 1.40 .24-.39 Do. 
phone . te 
ittle Yor 
Diggings ............ 115-.17 a4 PRI Do. 
You Bet. 
Red Dog ......—.......- grit 15 Do. 
ena 
uaker Hill. 
Buckeve Hill .. if Wey pe SAES 255 Do. 
Scotts Flat .......... 10 ae Lindgren, 1911 
p. 43. 
sailor Flat. ¢ 
Blue Tent Res 0344) lu ie. 12-24 Hydraulic 
Mining 
Comm. of 
Calif. 
Blue Tent ...........- .042 eS aA) eee. ee ae 1911 
p. 71. 
Omega, 2022. Rabaeers ete .23 Do. 
Relief Hille et. fan heen pees 15-.22 Hydraulic 
Mining 
Comm. of 
Calif. 
Snow’ Point 1 ee vaseeses ea ol eease 19 Do. 
Orleans Flat. 
Woolsey Piaten ae eee .254 Do. 
Derbec ................ ae 6130 UUs 30S Lindgren, 1911 
(lowest gravel) p. 71. 
‘Malakoff : 
Diedinas Bare 10:49=1067.25 561") 6 Bree Do. | 
Malakoff 
i 3 at Beets .065 56 .165 Hydraulic i 
Diggings .. 5 stimuie 
Comm. of 
Calif. | 
Malakoff Diggings 
to Badger Hill A 
Diggifii‘es!..- = inn aeeee e .15-.20 Do. 


North Columbia 


to Cherokee ...... [73255 Ota. ee Pee va Nai ee 
p. / 
North Columbia 
to Badger Hill 
Diggings .......... 18 39 20 Do. 
Badcer Hill ‘ | 
Dicgings ...... . .06 $31) > J eee _ Unpub. mine | 
records. C 
North San Juan 
es sen er Geis a .51-.63 eS 1911. 
Pp. «i. : 
French Corral .... .24 40 50 Unpub. mine | 
records. 
Smartville 00000000000 oe nOS0S L-pa eee ’ Do. f 
Averages 13 59 os a 


binocular microscope, and the following generalizations 
were made. Most of the fragments in the lower rich 


| gravels are 1-2 mm in diameter and 0.1-0.2 mm thick. 
' The largest flake was 3.0 mm in diameter, the smallest 


0.3 mm. Grains smaller than 1.0 mm diameter are gen- 
erally 0.1-0.05 mm thick. Approximately 80 percent of 
the gold weight for hole B and 50 percent for hole C 
within the lower rich parts of the holes is derived from 
gold fragments of a diameter greater than 1 mm. Gold 
coarser than 1 mm in diameter was not observed more 
than 80 feet above bedrock in the holes. This fact seems 
to imply that during deposition of the upper gravel 
either (1) the source region was supplying only fine 
gold; (2) active reworking in the rivers was physically 
breaking down the gold, or (3) only the fine gold was 
being transported to the rivers, the coarse gold lagged 
behind in the regolith. Flour gold. if present, was likely 
lost during the drilling and panning procedures. How- 
ever, Lindgren (1911, p. 67) states that, “flour gold *** 
is not abundant in the Tertiary or present gravels of the 
Sierra Nevada.” He believed the flour gold was swept 
out into the sedimentary rocks that fill the Great 
Valley 


Generally the gold flakes are shiny and rough; some * 


show coatings of iron oxide and silica. The grains are 
flattened with rounded edges that show general abra- 
sion (fig. 19). Some grains have particles of magnetite, 
ilmenite, and quartz adhering to them. 


DRILL HOLES, SAN JUAN RIDGE 


Between the Malakoff Diggings and Woolsey Flat, 
the gravel-filled ancestral Yuba River channel is buried 
beneath a cover of colluvium and volcanic breccia which 
is as much as 650 feet thick. Seismic refraction tech- 
niques were emploved in 1967 and 1968 to locate the 
position of the buried channel midwav between the 
exposures at Malakoff Diggingsand Woolsey Flat 
(Peterson and others, 1968). Interpretations of the 
seismic data indicated that the channel center was in 
the vicinity of the Upper Derbec Spring along the 
Graniteville Road and was covered bv approximately 
900 feet of volcanic breccia. A drilling program was set 
up to drill through the thick volcanic breccia and the 
suspected underlving gravel to bedrock. During the 


' late summer and fall of 1968. four holes were drilled 


(rotary dnill) along the Graniteville Road in an attempt 
to prove the geophysical interpretation of the channel 
center location and to sample the suspected rich lower 


_ gravel. “Ditch’’ samples separated from the mud by a 


shaker with a 30-mesh screen were collected every 5-25 
feet for the purpose of noting lithologic characteristics 
and concentrating heavv minerals, gold particularly. 
Siit and clay-sized cuttings that filtered below the 
shaker were also coilected and examined. Plate 2 shows 
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FIGURE 19.—Typical placer gold derived from lower gravel in North Columbia hydraulic pit. 


the logs for all four drill holes as well as measured sec- » 


Diggings and Woolsey Flat. Electric logs run in the 
holes subsequent to their drilling allowed a more pre- 
cise “pick” of the boundaries of the lithologic units. All 
four drill holes penetrated sands and clays below the 
volcanic breccia and above the bedrock. Thickness of 
the volcanic breccia ranged from 500 to 650 feet. The 
samples collected from the gravel section were panned 
by hand and examined for gold. As gold was absent in 
most samples and rare in others. it was not worthwhile 
to construct plots of gold content similar to those pro- 
duced for holes A, B. and C in the North Columbia dig- 
gings. Values determined were less than 30.01 per 


4 
relates with the upper sections as exposed at Malakoff 


tions of the bounding gravel exposures at Malakoff : Diggings and Woolsey Flat (pl. 2). It seems that all 


four holes were drilled parallel to and along the margin 
or flood plain of the channel as it passes beneath the 
volcanic rocks on San Juan Ridge. In the light of the 
information obtained from the drilling, the suspected 
trace of the buried channel center was redrawn (fig. 2). 


GOLD SOURCE 


Evidence suggests that the bulk of the gold in the 
Tertiary gravel has been derived from the gold-bearing 
quartz veins occurring within the low-grade meta- 
morphic rocks of the Sierras. The gravel that has the 


‘ highest gold values also contains abundant detrital 


cubic vard. The heavy-mineral plots are discussed | 


under the section “Other Heavy Minerals.” The disap- 
pointingly low gold values. together with the fine- 
grained textural characteristics of the section. clearly 
suggest that the part of the gravel drilled through cor- 


fragments of white “vein” quartz and blue-gray sili- 
ceous phyllite and slate common throughout the foothill 
region. Furthermore. high concentration o1 gold in the 
gravel is essentially restricted to the areas where the 
ancient rivers crossed the gold-bearing quartz veins in 
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‘he bedrock of the foothills region (Lindgren, 1911, p. 
1 —66). 

In order to compare the composition of the placer 
zold with the lode gold of the Sierra Nevada, trace- 
element contents were determined for 20 samples of 

tive gold (table 3). Nineteen of the samples were 
_-lected from detrital gold flakes recovered from dnill 
holes A and C within the North Columbia hydraulic pit. 

1e analyses of these samples can be compared with 

e analyses of a small nugget from the bedrock lode 
mines of the Alleghany district, a likely source for the 
old in the gravel at North Columbia. Except for the 

iver common in nearly all samples of native gold, only 
_»pper is present in all samples; the copper content 
ranges from 100-1,000 parts per million. Small amounts 

‘lead and iron are present in some samples. These 
ita show that the placer gold is indeed similar to the 


been completely removed by erosion. The principal 
gold-producing quartz veins in the Alleghany district 
dip 25°-40° north to northeast (Ferguson and Gan- 
nett. 1932, p. 29) and project at higher eroded levels 
| several miles to the south and southwest. These veins 
: may have provided the bulk of the gold produced from 
| the gravel at Moore's, Orleans, and Woolsey Flats, and 
| the Derbec and Malakoff Diggings areas: they may 
have provided a significant portion of the gold in the 
hydraulic diggings farther down the channel as far as 
Smartville. The vein system in the Nevada City—Grass 
| 


Valley area probably contributed a significant portion 
of the gold recovered from the gravel in that area as 
well as in the Blue Tent and Sailor Flat diggings. Rich 
gravels in the You Bet to Dutch Flat area may have 
been derived from a source south of the mapped area as 
well as from northeast of Dutch Flat. 


iode gold indigenous to this part of the Sierra Nevada | 


and suggest that the gold was derived locally. 
The bedrock gold mines in the northern Sierra 
‘evada included in this study show a distinct spatial 
relation to outcrops of ultrabasic rocks (fig. 2). Most 
f the quartz veins and mines are either adjacent to the 
ltramafic rock bodies or within several miles to the 
east of them. a relation recognized by the early miners 
and reported in more recent studies (Ferguson and 
‘annett. 1932). These areas probably provided a rich 
ource tor much of the gold within the ancestral Yuba 
River drainage. Of course. much of the gold in the 
~ravel was derived from higher level rocks that have 


TABLE 3.—Trace-element content of native gold {rom placers 
and lode deposits. San Juan Ridge, Calif. 


-termination ur nelow value shown] 


Sampie Weight Fe Ag Ce Cu Ph 
No. (me) ' pereent) (pom) 'Ppms (ppm) ippm) 


Detrital zold from drill holes in North Columbia hydraulic pit 


A126-128 5.88 1..003 120,000 N 300 N 
A138—142 9.85 005 270.000 N 200 N 
\142-145 6.01 N 92.000 N 300 N 
\IS7 5.60 ‘“ 31.000 N 190 N 
\158 6.62 N 71.000 N 100 N 
A159 6.48 007 73.000 20 100 N 
A160 6.87 1.033 64.000 N 150 L 
A161 6.95 T..003 36.000 N 150 N 
A162-164 9.75 1..002 92.000 N 100 N 
CTT 4.60 L.005 62.000 N 1.000 N 
("92-96 734 .003 56.000 N 500 N 
(97-101 9.96 T..002 90.000 N 500 N 
C104 9.80 N 59,000 N 300 L 
CVO5 7 60 N 94.000 N 300 iy 
C106 9 38 1..002 54.000 N 1.000 L 
107-198 5.56 T..002 52.000 N 1.000 i 
C109 7.00 L.002 76.000 N 300 20 
C110-112 7.69 1..002 64.000 N 500 L 
CIOIA-109A 6.86 L.002 130.000 N 200 L 


Lode gold from Allechany district 
a 
WY -526-89 5.37 1..002 170.000 a 150 ip 
eee eee ee eee 


GOLD OCCURRENCE 


| Why does the bulk of the placer gold occur in the 
; lower 80-100 feet of gravel? It is worthwhile to examine 
| several possible explanations. 
| It is presumed that a lower, relatively thin laver of 
compositionally and texturally immature gravel was 
always present on the river channel floor during the 
long interval of downcutting. This thin veneer of gravel 
| represented the coarse material being transported by 
: the river much as does the gravel in the bottom of the 
Colorado River today (Berkey, 1935). While most of 
the constituents of the gravel were undergoing lateral 
transport along the river during times of flooding and 
| high runoff, the gold that was constantly being added 
to the gravels was lagging behind. much as it does in a 
sluice box. As the volume of gravel in the river bed 
essentially remained the same through additions of 
new detritus and removal of old. the gold concentra- 
tions gradually increased. Most of the gold that was 
eroded during the early downcutting history of the 
ancestral Yuba River ended up within this giant sluice 
box. Certainly some gold was flushed bevond the river 
and wound up in the marine sediments to the west. As 
the river ceased to downcut and began aggrading, the 
nature of the weathering and erosion of the surround- 
ing hill slopes changed. Whereas physical weathering 
was predominant in breaking up and moving the coarse 
detritus on the steep side slopes. chemical weathering 
became common as the slopes became less steep and 
' thick soils were able to develop. Onlv the most resistant 
minerals survived the intense weathering process. 
Judged by the amount of vein-quartz pebbles in the 
upper gravel. a great deal of potential gold-rich bedrock 
was eroded. What happened to the gold? Certainly the 
‘low gold content of the upper gravel does not reflect 
ail the gold that was ultimately released. Several possi- 





| 
| 
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@ bilities come to mind: (1) the goid was physically and | 
chemically broken down to a size small enough to be | 
transported bv the river and was deposited offshore in 
the marine environment: (2) the prevailing conditions | 
of chemical weathering facilitated the removal of the | 
gold in solution: or (3) the gold became concentrated | 
in the soil zone and, because of the low slope gradients, | 
was not transported in high concentrations into the 
rivers. If indeed the gold was not moved into the rivers 
(3), it should still be present where the old soil zones 
are preserved. primarily beneath the volcanic cover. 
Perhaps much of the gold that became concentrated in 
the younger rivers (intervolcanic and recent) was de- 
rived from this old gold-rich regolith. 

A more definitive solution to this problem will have 
to await (1) exploration for gold in the upper Eocene 
sediments in the Great Valley and (2) laboratory study | 
of physical and chemical resistance of gold in a variety | 
of environmental conditions. 


YUBA RIVER. SIERRA NEVADA. CALIFORNIA 


Figure 20 shows where gold-rich lower gravel is believed 
to lie along the ancestral Yuba River channel. 

The 30.193 per cubic vard average obtained by divid- 
ing the estimated total gold value of $188,085.000 by 
the total volume of unmined gravel, 977,440,000 cubic 
yards. This figure is substantially lower than the 30.32 
per cubic vard value obtained by using Lindgren's 
(1911) and Gilbert’s figures (1917) and presumably 
reflects the lower tenor of the remaining gravel. 

As can be seen from table 4, the gravel and gold 
resource between Malakoff and Badger Hill Diggings 
accounts for more than 75 percent of the total from all 
areas considered. The figure of $0.175 per cubic yard 
(from estimates by Jarman (1927) on the Hydraulic 
Commission of California), which is used to obtain the 
$140 million total gold value, is similar to the average 
value of $0.17 per cubic yard obtained from the 1968 
drilling in the North Columbia diggings (table 1). The 


| mapping for this study did not include all the Tertiary 


' gold-bearing gravels known to exist throughout the 


GOLD RESOURCES 


| 
Since the davs of the famous Sawver decision in 1884, | 
when most of the hydraulic mining ceased. people have 
calculated volumes and values of minable gravel re- 
maining along the Tertiary river courses. As the costs 
of mining, water. and gold changed, these figures were 
@ reevaluated. recalculated. and somewhat refined. It has | 
long been known that a sizable gold resource remains | 
dispersed in the gravel. Whereas equipment and labor 
costs markedly increase oweing to inflation. the price | 
of gold remains virtually the same, thereby greatly | 
reducing the incentive to mine this tremendous re- 
~ource. With the presently known and allowable mining 
techniques. it is understandable that in recent vears 
few mining ventures have been attempted and that 
oniv a small percentage of these have survived. | 
Lindgren (1911. p.31) estimated that approximately | 
2507 million (235 per oz) in gold was produced from the i 
Tertiary gravel. Estimates of the gravel yardage | 
removed in deriving this 3507 million in gold was sub- | 
sequently calculated at 1.585 million cubic vards (Gil- | 
bert. 1917). an average vield for the entire body of | 
mined gravel vives 30.32 per cubic vard. This figure is | 
probably too high a value to use in computing total | 
sold content ot the remaining gravel. as much of the | 
unmined gravel is the gold-poor upper gravel. | 
Probably the most detailed and complete determina- | 
‘ions of Volume ot unmined gravel were made bv Arthur 
Jarman (1927) in his report of the Hvdraulic Mining ' 
Commission to the Caiifornia State Legislature. This 
report is on the feasibility ot resuming hydraulic min- 
ing by construction of debris dams. Table 4 draws on 
2) much of the information contained in Jarman’s report. 


| foothill region of the Sierra Nevada. From field recon- 


naissance checks and a study of published and unpub- 
lished accounts of the unmined gravel, however, it is 
doubtful that an area exists in which gravel quantities 
and gold values exceed those in the Badger Hill—Mala- 
koff region. It would seem, therefore, that the deposit 
hetween Badger Hill and Malakoff would be the most 
likely target for a resumption of large-scale mining of 
the Tertiary gravel. 

The figures for unmined gravel in table 4 do not 


| include deposits beneath the volcanic cover on San 


Juan. Harmony, or Washington Ridges. Our knowledge 
of the occurrence and gold values of gravel beneath 
the volcanic rocks is meager at best, but it is doubtful 


TaBLe 4.—-Areas containing appreciable unmined egravel with 


! estimated cold content alone the ancestral Yuba River drainage 


itjrave: vouumes from Jarman 11'°27) guid values (per cunie yard) from 
rable 2] 


Vol of Estimated average Estimated total 
Area unmined eravel Raper ags4s gold content 
yards) 0535 peroz? ($3S per oz) 
Gold Run ........... 75.000.000 30.28 $21.000.000 
Liberty Hill ........ 4.500.000 315 1.400.000 
Dutch Flat .... 28.500.000 A3 12.000.000 
Christmas Hill. 

Tittle York 
rs PaaS a... 3.440.000 poe 930.000 

ou Ber. 

Red Dog ......... 20.000.000 255 3.100.000 
Hunts Hill 

Quaker Hill. 

RBuckeve Hill. 5.000 900 235 1.275.000 
Omega ... ~—24.000.000 5 3.240.000 
Relier Hill ....... 15.000.000 185 2.780.000 
sailor Flat. 

Plue Tent 2.000.000 aus 360.000 
“falaneit Disgings 

to Badzer Hill 

' Niggings 800.000.000 175 140.000.0090 
Totals 977 440.000 193 128.085.0000 
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FICURE 20.—Part of the ancestral Yuba River drainage showing areas of mined and unmined relatively rich gravel along the river 
channel. 


that the total volume of material would increase the - 


calculated totals by as much as 50 percent. 

No method has vet been devised for recovering the 
zold from the Tertiary gravel more efficiently than the 
hvdraulic. In referring to the rich deposit on San Juan 
Ridge, Jarman (1927) wrote, “It does not appear to be 
possible to work this gravel profitably by any other 
method than that of hydraulicking,” and that state- 
ment seems appropriate today. Even “in place” leach- 
ing, now receiving some consideration by various 
groups, was discarded by Jarman as a poor method of 
removing the gold from the gravel. The economic recov- 
ery of the gold dispersed through the widespread Ter- 
tiarv gravel remains a challenge to the keenest minds 
in the mining industrv. It is not unreasonable to fore- 
zee the day when the gold will be removed as a byprod- 
uct of the gravel used principally for construction and 
decorative uses. Current prices (1970) in the San Fran- 
cisco Bay area for decorative rock of the type most 
common throughout the “upper” Tertiary gravel is 
219-828 per cubic vard! 


. 


SECONDARY SULFIDES 

Common throughout much of the lower “blue gravel” 
are sulfides. primarily pyrite. They occur within the 
sandy matrix. form coatings on pebbles and cobbles, 
and are most plentiful in areas marked by an abun- 
dance of carbonized wood. The fresh and shiny crystals 
are quite clearly of a secondary nature, having formed 
after deposition of the gravel. The pyrite accumulations 
are restricted to gravel zones below the water table. A 
deep-red color of the overlying gravel is produced by 
oxidation of the contained pyrite as a result ot lowering 
of the water table and exposure to the air. Pyrite 
accounts for more than 50 percent of the heavy-mineral 
fraction within portions of the lower and middle expo- 
sures of gravel in the North Columbia pit (pl. 2). X-ray 
diffraction patterns of heavy-mineral concentrates de- 
rived from drill cuttings in the North Columbia dig- 
gings reveal that all the sulfide is pyrite and not marca- 
site or arsenopyrite. 

One small mining venture in the vicinity ot Birch- 
ville in 1967 reported that lower blue gravel was yield- 
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ing 10 pounds of sulfides per cubic yard of gravel pro- | 


cessed. This concentrate. however. was far from being 

pure sulfide; it contained other heavy minerals. 
Nodular and granular pyrite from a gravel mine in 

Butte County yielded gold at the rate of 5173 to the 


ton (Lindgren, 1911. p. 76). At $20 to the ounce this 
would be equal to 8.65 ounces of gold per ton of sulfide | 


or approximately 270 ppm. This figure seems abnorm- 


allv high when compared with atomic absorption gold . 


analyses of pyrite obtained during this study. Seven 


separate samples of pynite all showed less than 0.10 . 


ppm gold. 
The pyrite within the gravel is most often closely 


associated with carbonized wood. It exists as nodules, : 


coatings, and thin seams as much as !§ inch thick. The 
genesis of the pyrite is probably similar to that occur- 


ring within coal deposits ( Newhouse. 1927). An ideal | 


environment for the production of low-temperature 
pyrite was probably created during and following depo- 
sition of the gravels. The prevailing subtropical cli- 
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(medium sand to coarse silt) was thus produced for 
study. ' 

Minerais were identified by optical methods and 
checked occasionally by X-ray diffraction techniques. 
Because percentages of minerals were estimated, thev 
are not to be regarded as precise figures. Samples 
selected for examination generally were taken at inter- 
vals of 10-15 feet in the churn drill holes. and closer 
intervals where significant mineral changes were occur- 
ring. More widely spaced samples were selected for 
examination from the rotary dmill holes on San Juan 
Ridge where heavy-mineral contents were relatively 
uniform. 


CHURN DRILL SAMPLES. NORTH COLUMBIA DIGGINGS 


Vertical distribution of heavy minerals is plotted along 
the section for drill holes A and C in the North Colum- 
bia diggings (pl. 2). The heavy minerals plot of hole A 
is based on examination of 41 samples. that for hole C 


on 20 samples. Pynite. ilmenite. zircon. siderite. amphi- 


mate (MacGinitie, 1941. p. 73) very likely promoted . 


development of thick, lush vegetation that was periodi- 


cally carried into the major drainages where it formed : 


temporary local dams along the channel. Sediment 
would fill in behind such “log jams” and eventually 
cover them. thereby preventing their destruction by 
oxidation. A moderately warm mean annual tempera- 


ture of 65°F (MacGinitie. 1941. p. 78) may have pro- 


moted the growth of anaerobic bacteria active in pro- 


ducing hydrogen sulfide from the buried trees and . 


shrubs. Hvdrogen sulfide would have readilv reacted 


with the iron-rich ground water producing FeS that was - 


subsequently changed to FeS. (Edwards and Baker. : faba wile 
_ because ilmenite is more stable under oxidizing than 


1951: Galliher, 1933). Eventually, as the water table 
dropped. much of the pyrite in the upper and middle 
sections of the coarse gravel lavers was oxidized and 


leached. Siderite and limonite-rich cemented zones a : 
few inches to several feet thick. common throughout : 
much of the middle section of the gravel. probably . 


record the water table positions at various times in the 
postdepositional history of the gravel. 


OTHER HEAVY MINERALS 


Other heavy minerals in the panned concentrates 
were studied to better understand the depositional 
environment of detrital gold. 


MIETHODS OF CONCENTRATION AND IDENTIFICATION 


Bromoform (sp gr 2.85) was used to separate the 
few light minerals not removed in the hand-panning 
process. A small magnet was usetul in removing drill 
steel from the samples. and with it the magnetite abun- 
dant in a few samples. A relatively nonmagnetic heavy 
mineral fraction ranging in size trom 0.50 to 0.0625 mm 


bole. epidote. and chlorite are present in quantities 
large enough (>5 percent) to plot. The category 
“other” includes rock fragments. sphene. garnet. tour- 
maline, zoisite, rutile. leucoxene, and pyroxene. 

Pyrite. of secondary origin, is present in significant 
quantities. It seems quite likely that the first appear- 
ance of pyrite marks the water table or boundary 
between oxidation (red gravel) and reduction (blue 
eravel). This horizon is at a similar level. 2.675 to 2.685 
feet elevation. in all three holes. as would be expected 
if it represents a water table. Ilmenite and zircon make 
up most of the heavy minerals in the upper (oxidized) 
part of the gravel (fig. 21). This might be expected 


reducing conditions. and zircon is a very durable mineral 
both physically and chemically. The lower gravel is 
characterized by a variety of both stable and unstable 
mineral types including gold (fig. 22). Amphibole. pri- 
marily actinolite. and epidote are restricted to the 
lower 100 feet of gravel. chlorite to the lowest 30 feet. 
Authigenic siderite, present in the lower part of hole A. 
would be expected in a reducing environment (Petti- 
john. 1957. p. 460) such as produced the pynte. 

On the basis of the heavy-mineral suites and detrital 
cold. the gravel can be separated into four zones, each 
succeeding lower zone characterized by the addition of 
one or more new minerals: (1) an upper zone character- 
ized by the presence of ilmenite and zircon, (2) an 
upper middle zone distinguished by the appearance of 
nvrite. possibly siderite. less zircon. and increasing 
zold. (3) a lower middle zone where amphibole and 
epidote are present with less pyrite and gold values 
are highest. and (4) a lower zone characterized by the 
appearance of chlorite. Although hoies A and C are 
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Ficure 21.—Heavv minerals from upper gravel of hole A in the 
North Columbia Diggings. Sample collected from a depth of 
15 feet. zi, zircon: il. ilmenite. 


separated by no more than half a mile. there is no rea- 
son to believe that roughly the same zonation would 
not be continuous throughout most of the drainage 
basin. 

Detrital platinum was not found in any samples. 
including surface samples. Chemical analysis of the 
heavv-mineral concentrates from the lower part of hole 
A revealed that platinum, palladium, and rhodium 
were present in negligible amounts varying from 0.1 to 
0.02 ppm. 

Whitney (1880) reported that “quite a number of 
diamonds” has been recovered from the gravel in the 
vicinity of French Corral, the largest 7!4 carats. The 
occurrence of diamonds within Tertiary gravel from 
Placer County have also been reported (Mining and 
Scientific Press, 1870) although the precise location of 
their occurrence is not known. With this knowledge in 
mind. the heavy-mineral concentrates obtained for this 
study were carefully searched for diamonds, but with 
negative results. 


FIGURE 22.—Heavy minerals from lower gravel of hole A in the 
North Columbia Diggings. Samples collected from a depth of 
365 feet. zi. zircon: il. ilmenite: Ly, pyrite: si, siderite; ep, 
epidote: ac. actinolite: G, gold. 


DEPOSITIONAL HISTORY 


Even though postdepositional solution and weather- 
| ing effects have altered some minerals in the gravel, the 
| vertical changes in the heavy minerals can be used to 
| reconstruct the history of deposition. Since the lowest 
gravels contain the same heavy minerals as the bedrock 

and in somewhat similar percentages, local source areas 
| probably contributed the bulk of detritus in the early 

history of the river. Deposition probably was rather 
| rapid, with a minimum of winnowing and reworking, 
| and the rather large percentages of amphibole, epidote, 
and chlorite indicate only slight chemical weathering. 
The coarse and poorly sorted texture of the lowest 
| gravel supports this conclusion. The boundary between 
| zones two and three is rather abrupt and seems to 
| represent a major change in depositional characteris- 
' tics. Only the most resistant and durable heavy minerals, 
_ primarily zircon and ilmenite, were deposited in these 
| younger sediments. Euhedral and subhedral zircon and 
' quartz grains are fairly common. implving little trans- 
| portation and reworking. Rather. chemical weathering 
‘is thought to have become a dominant factor in the 


| 
| 
| 
| 
| 
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breakdown of the rocks. As slope gradients were low- 
ered. soil formation was allowed to continue for longer 
periods of time without removai by sheetfloods or mass- 
wasting processes. Only the most physically and chem- 


ically resistant minerals would have <urvived the - 


intense weathering of the subtropical climate believed 


to have prevailed at that time (MacGinitie. 1941, p. : 


-4 
wir 

The presence of pyrite and siderite in zone two does 
not tell us much about the depositional history ot the 
zravel, because these minerals are postdepositional in 


origin: however, their presence does imply that organic : 


matter was somehow trapped and buried in the gravel 
before destruction by oxidation. of 
Zone two is gradational with zone one. In zone one 
gold values are the lowest. The amount of zircon 
increases. and compared to zone two, overall grain size 
decreases. as clay, silt. and sand are predominant. 
Source rocks of the sediments deposited here have 
undergone extensive physical and chemical breakdown. 


ROTARY DRILL HOLE SAMPLES. SAN JUAN RIDGE 
Heavy minerals are plotted for the gravel portion of 


es 


systematic change in mineral suites along the river 
channel. Generally each sample consisted of two or 
three 15-inch pans of gravel. Whenever possible samples 
of both upper and lower gravel were collected at each 
localitv. Heavy-mineral suites from representative 
samples are shown in figure 23. Generally the heavy 
minerals are similar to those found in the drill samples 
in the North Columbia diggings with some exceptions. 
\Magnetite in minor amounts was removed with a hand 
magnet. As with the drill samples from the North Col- 
umbia diggings, the upper gravel is high in ilmenite and 
zircon. whereas the lower gravel has significant amounts 
of the less stable minerals, epidote, hornblende, actino- 
lite, pyrite, and sphene. Pyrite was missing in many of 
the lower gravel samples because ‘the exposures had 
been oxidized following the mining activities of the past 
century. Wherever fresh exposures of the lower gravel 
could be found, pyrite was present. X-ray patterns of 
<amples collected near outcrops of ultramafic intrusive 
rocks (Liberty Hill and Little York) revealed both 
chromite and magnesian-chromite ( FeCr.O, with Mg- 


. AlO,) in the heavy-mineral suite. 


holes No. 2. No. 3.and No. 4 on San Juan Ridge (pl. 2). © 


These holes were drilled primarily in an attempt to 
intersect the deepest. zold-rich part of the gravel: it 
can be readily seen from the textures and heavy min- 


erals found in all four holes that the obiective was not 


achieved. The textures. !or the most part. are typical 
oft the upper bench gravel. similar in some respects to 
the upper gravel section exposed at Woolsey Flat and 
Malakoff Diggings (pl. 2). The heavy minerals. with 
some exception. are also typical of the upper gravel. 
Ilmenite is ubiquitous: zircon is present in hole No. 3 
only. Pyrite and siderite are secondary in origin. as in 
the drill holes in the North Columbia diggings. and are 
accounted for by a reducing environment. The entire 
“ravel section is below the water table. because 500-650 
teet ot volcanic breccia overlies the gravel on San Juan 
Ridge. The amphibole in all three holes is mostly horn- 
blende. which is similar to that in the overlying ande- 
site breccia (upper part of holes No. 2 and No. 4). The 
hornblende in these -ampies is believed to have been 
derived from higher in the hole by caving, =loughing. 
and circulation of the mud: therefore. it should not he 
considered an inherent minerai o: the gravel. Other 
shan contirming the “upper bench” character ot the 
-vavel in these drill holies. the heavy minerais are not 
sarticularly userui. Only a tew flakes ot gold were tound 
“a the sampies. and values are jess than L cent per cubic 
vard. 
SURFACE SAMPLES 

Surtace exposures ot Tertiarv gravei were sampled 

-hroughout the area in an etfort to sce tt there was a 


No obvious svstematic change in the heavy minerals 
is apparent along the channel in the area studied. The 
intrusive granitic and ultramafic‘rocks and the low- 
grade metamorphic phyllite. slate, quartzite. and schist 
cropping out in the foothills region most probably were 
the source for the heavv minerals found. 

Heavy minerals from three superimposed textural 
units within the gravel along Interstate Highway 80 
near Gold Run were examined: they are plotted in 
figure 24. All three units fall within the upper gravel 
<tratigraphically. although the finer grained middle 
unit contains heavv minerals more characteristic of the 
lower gravel. It seems that at this particular locality. 
the normal depositionai characteristics ol the upper 
“yavel were interrupted and a temporary return to con- 
ditions ot more rapid deposition of unweathered detri- 
tus occurred. During times of heavy precipitation or 
landsliding. relatively tresh unweathered materials 
could have been carried into the rivers and locally 
overwhelmed the more normal sediments being depos- 
ited. Ii seems quite probable that this took place 
repeatedly throughout the historv of the gravel depo- 
sition at various places along the length or the river 
cnannel. 


TRACE OF RESTORED CHANNEL 


The trace ot the gravel-tilled channel as it may have 
-xisted near the close ot the Eocene is shown in Azure 
>. The flood-piain width indicated probably represents 
4 minimum width. The flood piain was probably wider 
than snown in the western halt of the area downstream 
‘rom Badger Hili: his part ot the tiood plan has under- 


owwnee eg 
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gone more erosion than the part farther east. such as at | deep erosion and the volcanic cover on the gravel has 


North Columbia. where the retreating cover of volcanic 


-ocks has more recently exposed the channel gravels. | 
[he wide expanse of gravel marking the position of | 


alluvial deposition should be thought of as a valley fill 
ieveloped in an area that had a fairly well integrated 
jrainage svstem. The rivers were not as wide as the 
zravel fill. except perhaps in times of extraordinary 


4oods: their channels meandered back and forth across : 


-he fill material. 

Only that portion of the drainage is shown for which 
there is reasonably clear evidence for its reconstruction. 
Several isolated. outlying exposures of gravel cannot 
be tied definitely into the drainage system. 


EVIDENCE FOR RECONSTRUCTING DRAINAGE 

The evidence for reconstructing the drainage is pri- 
marilv the location of preserved gravel deposits. Exten- 
sive drilling bv private companies in the 1930's between 
North Columbia and Badger Hill Diggings provided 
the evidence for the positioning of the channel center 
in this locality; the center indicated in figure 2 is meant 
to correspond to the lowest or deepest position within 
the bedrock channel. In some places, as between North 
San Juan and French Corral, it is actually an incised 
trough sometimes referred to as a “gut.” Elsewhere, 
it is merely the lowest point in the overall broad chan- 
nel depression. 


been removed from all but a few narrow ridge tops. The 
main channel, traced only as far as American Hill in 
this study. is shown bv Lindgren (1911) to extend 
beneath the thin volcanic cap to the northeast. then 
bend around to the southeast much as the Middle Yuba 
River does today. The tributary coming in from the 
vicinity of the Sixteen-to-one mine at Alleghany is 
covered by volcanic rocks farther north but probably 


‘ extends as far north as the town of Forest. 


The mapping of this study was not extended south 
of the North Fork of the American River, although the 
gravel of this region would allow a much longer drainage 
restoration (Lindgren, 1911). Below Smartville, west 
of the map area, the gravel was traced to the present 


- flood plain of the Yuba River. Projecting the present 


Rotary drilling on San Juan Ridge between Malakoff | 


Diggings and Moore's Flat, together with information 
from the underground drift mine. the Derbec. provided 
data for the channel restoration in this area. 

Pebble imbrication and crossbedding made possible 
a reconstruction of the drainage pattern in the south- 
ern part of the area mapped. It can be quite clearly 
<hown that gravel in the Gold Run-Dutch Flat area 
was deposited by water flowing in a northerly direction 
and that this channel was definitely part of the same 
drainage svstem existing farther north in the vicinity 
of Nevada City and North Columbia. This conclusion 
was advanced earlier by Lindgren (1911) and Hudson 
(1955). Imbrication of cobbles and boulders in the 
lower gravel at Indiana Hill (fig. 25) and Little York 
(fig. 26) clearly indicate this pattern of current flow. 

The present bedrock elevations on the floor of the 
channel. where exposed. provide further clues tor 
restoration of the drainage svstem. These data must be 
tempered with the realization that tilting ot the Sierra 
Nevada and local faulting of the channei gravel have 
appreciably aitered the original slope of the river floor. 


\IAJOR TRIBUTARY EXTENSIONS BEYOND MAP AREA 


Evidence for extension of the drainage svstem ' 
extending from the Malakoff pit beneath the volcanic 


hevond the map boundaries to the northeast is scanty. 


The high parts of the Sierra Nevada have undergone ' 


gradient of the ancestral Yuba River farther west 
places the channel beneath the land surface (fig. 23). 
Where last exposed near the present Yuba River flood 
plain. the gravel contains cobbles and boulders that are 
as much as 8 inches in diameter. From this fact. the 
river mouth is inferred to have been some distance 
farther west. 

The location of the headwaters and size of the total 
drainage basin of the ancestral Yuba River will be dis- 
cussed in a subsequent chapter. 


DIFFERING INTERPRETATIONS 


Lindgren (1911) showed a major tributary entering 
the main channel near North San Juan but I do not 
because the mapping did not reveal evidence for such 
a tributarv. If such a tributary did enter here, the 
critical area of confluence has been destroved. Mapping 
did not extend north as far as Camptonville, the near- 
est exposure of gravel in this direction. 

In the area of the Malakoff hvdraulic pit. Lindgren 
(1900) shows two drainages coming together—one 
from the north in the Bloodv Run Creek area and one 
from the east. from the Relief Hill tributary. Lindgren’s 
reconstruction shows the channel coming in from 
Bloody Run Creek bending around to the east and con- 
necting with the exposed gravel at Woolsev. Moore's. 
and Orleans Flats. Field mapping in 1967 and 1968 
revealed that onlv thin. isolated gravel deposits were 
present in the Bloody Run Creek area. It was con- 
cluded. therefore. that this gravel was deposited bv a 
small tributarv rather than by the main river. Further- 
more. drilling in 1968 and 1969 established the presence 
of a thick section of sand and clay beneath the volcanic 
rocks on San Juan Ridge. As these sediments were 
believed to represent the marginal or flood-plain 
deposits of the main river channel. the channel is shown 


cover to Woolsey Flat (fig. 2). The Derbec mine ( Lind- 
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FIGURE 2i.—Tertiary gravel tupper zravel) exposed along Interstate Highway 80 near Gold Run. Heavy minerals shown at 
right. 


aren. 1911) allows the positioning of the channel center 
in that area <outh and southwest of the drill holes 
(1—4) on San Juan Ridge (fig. 2). A separate channel 
is shown entering from the east through Snow Point 
because the rock types in the Snow Point diggings are 


ail ot local bedrock tvpes—~<iliceous phyllites and ; 


<lates. The rock tvpes in the hydraulic pits at Orleans. ; 


Moore’. and Woolsev Flats include granite. diorite. . 


ampnibolite. and phyllite. implying a source area dif- 
ferent trom that ot the Snow Point area. The exact 
position ot the contluence ot the Relief Hill tributary 
entering trom the south is uncertain. 

The reconstruction of the channel or channels in the 
Nevada Citv area is difficult. Lindgren (1911) describes 


after the gravel deposition. the following gradients can 
he measured: 

l. The downstream. southwest-trending segment, 
Badger Hill Diggings to Smartville. 79 feet per mile. 

2. The middle. northwest-trending segment. Little 
York Diggings to North Columbia. 17 feet per mile. 

3. The upstream, southwest-trending segments, 
American Hill to North Columbia. 121 feet per mile; 
and Liberty Hill to Little York Diggings. 120 feet per 


: mile. The gradient of the present Middle Yuba River 


in the area between Englebright Reservoir to Moore's 


. Flat averages 64 feet per mile. 


. channel configuration much different trom the one - 


~hown nere in figure 2. 


A westerly direction ot flow is . 


indicated by Lindgren with two separate tributaries - 


originating in the Nevada Citv-Grass Valley area. 
Except for two narrow occurrences of volcanic colluvial 
cover. the gravels at Nevada Citv are traceable into 


“raveix exposed between Scotts Flat Reservoir and | 


Blue Tent. It is theretore concluded that the wide 


tributary at Nevada Citv is connected with the main : 
river channel extending between Scotts Flat Reservoir : 


and Blue Tent. Detailed mapping did not extend 
southwest ot Nevada Citv: consequently. the complete 
restoration of this tributary is not snown. 


GRADIENTS AND PALFOGEOGRAPHY 


The present gradient of the ancestral Yuba River : 


channei can he determined from the data compiled in 


Saure 2). Removing the effects vt the local taulting 


Lindgren (1911). noting that the northwest-trend- 
ing portions of the Tertiary channels roughly parailel 
the present trend of the Sierra Nevada. reasoned that 
the gradients trom these river segments would be little 
changed by tilting of the mountains. The gradients ot 
the southwest-trending channei segments. however. 
would have been appreciably increased by the tilting. 
He thus explained the observed marked changes in 
gradients ot these differently directed channel segments. 

The late Cenozoic tilting of the Sierra Nevada has 
significantly increased the southwest-trending Tertiary 
channel gradients. It also seems reasonable that the 
southwestward-directed channel segments trending 
down the regional slone have had steeper pretilt gradi- 
ents than the northwestward-directed segments trend- 
ing perpendicular to the regional slope. The value or 17 
feet per mile. which is obtained from the northwesr- 
trending segments. seems to be a minimum gradient 
for the portion of the channel system studied. The 
gradient before the tilting of the southwest-trending 
river segment from Badger Hill to Smartville probably 


GRADIENTS AND 





FIGURE 23.—Lower gravel expo<ed on east side of hydraulic pit 
at Indiana Hill. Note imbrication in coarse lower gravel indi- 


| 





I 


-4atung current flow rizht to left (south to north). See fizure : 


2 for location ot photograph. View east. 


was slightly greater than 17 feet per mile because it : 
was tlowing down the regional slope: here a gradient of : 


20-25 feet per mile would seem reasonable. By com- 
paring this gradient with the present gradient of 79 
eet per mile. the effect of tilt after the gravel deposi- 
tion measured along this stretch of the channel is 54-59 
feet per mile. The amount of straight-line tilt measured 


perpendicular to the mountain axis would be 66-72 | 


teet per mile. If it can be assumed that a similar 
amount of tilt affected the entire drainage system. then 
‘he upstream. -outhwest-trending portions of the 
ancestrai Yuba River must have had pretilt gradients 
ot 50-95 ieet per mile. This gradient is similar to gradi- 
ents ot the present Middle Yuba River in this area. 
The reiatively steep gradients before the tilt north- 
-astward trom the North Columbia and Little York 
Digging: areas suggest that the river between the two 
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FictRe 26.—Lower gravel exposed in hydraulic pit at Little 
York Diggings. Imbrication of cobbles and boulders indicates 
current flow was from southeast to northwest ‘left to right). 
See figure 2 for location. View southwest. 





areas flowed parallel to the base of an eastward-retreat- 
ing highland front. Evidence supporting the presence 
of such a highland front is manifest in the abrupt 
change in bedrock slope below the volcanic rocks on 
Washington Ridge between Little York Diggings and 
North Columbia (fig. 23). At Central House along 
Highwav 20. the volcanic breccia is about 200 feet 
thick. One mile west the volcanic breccia has increased 
in thickness to about 500 feet owing to a lowering of 
the bedrock surface to the west (fig. 27). A block dia- 
gram showing the inferred paleogeography of part of 
the ancestral Yuba River drainage is shown in figure 
28. The river between Little York Diggings and North 
Columbia probably occupied a broad, fairly flat trough 
at the foot of a highland and flowed northwest, gener- 
ally parallel to the dominant structural trend of the 
metamorphic bedrock. 
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FIGURE 27.—Somewhat generalized cross section along Highway 
20 on Washington and Harmony Ridges. The main gravel- 
tilled channel trends northwest. nearly at right angles to this 
section. and crosses at the base ot the bedrock hichland front 
to the east. Line of section shown on plate 1. 
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NE a 5 10 MILES 

ae APPROXIMATE SCALE 

Fictre 28.—Generalized block diagram of inferred paleogeog- 
raphy of part of the ancestral Yuba River drainage. Vertical 


scale is partially exaggerated. N.C. - North Carolina: L.Y.= 
Little York Diggings. 


The anomalous reverse gradients near Badger Hill 
Diggings and Gold Run are probablv a result of tilting 


of the Sierra Nevada. Because the channel trends 


northeast in these two locations, the more downstream 


segments of the channel experienced greater uplift. 


DRAINAGE AREA AND LENGTH OF THE 
ANCESTRAL YUBA RIVER 

Although the gradient and width of the ancestral 
Yuba channel can be determined with a reasonable 
degree of certaintv. the original length or drainage area 
ot the old river svstem cannot be directly measured. 
Because little remains of the river deposits above the 
4+.U00-foot level. attempting to tie together widely 


scattered gravel outcrops into an accurate drainage ; 
reconstruction is practically impossible. By comparing 


modern river svstems. it was hoped that an approxima- 
tion of the unknown parameters of length and drainage 
area could be determined. A comparison of gradient. 
vailev width. and drainage area might show a relation 
such that, given a particular gradient. a drainage size 
could be predicted within somewhat limited values. 

A modern analogue of the ancestral Yuba River 
would be located in a warm, wet climate with moderate 
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, the topographic conditions and the wet climate are 
| analogous. The elements lacking are warm temperature 
i and semitropical vegetation. U.S. Geological Survev 


Stream-gaging stations were used as points of measure- 
ment above which the size of drainage basin was 
determined. River gradients and width of valley fill 
were determined at the gaging stations, and only those 
portions of rivers that occupied a valley 500 or more 
feet wide were selected for study. Restricting the study 
to these valleys best simulated an aggrading river sys- 


| tem like the one that deposited the gravel in the ances- 


tral Yuba River valley. The following rivers were used 
in this study: ints anenete TR piles . suis 
Nerthern Celifornie Siw - 


Klamath Sacremento Deschutes  Hch , 2 Freutls 5 + Bacqualnie 
Eel Triaity . Umpeue Humptulige Cowiits ** Skagh 
Mad Ameriess. Santiam Satesp ..., Nisqually Nooksack 
Pit Feather Willamette ‘veeuchee Puvallup Neches 


Lewis Duwamish 


The study included about 65 different measurement 
localities and showed a great variability both within 
and between the different river systems. Particularly 
evident was the great variation in the width of valley 
fill for the rivers with similar slope and drainage size. 

Logarithmic plots of channel gradient versus drain- 
age area and channel gradient* ‘vergus valley-fill width, 
shown in figures 29 and 30, show “the broad'limit fos-" 
sible for any given channel gradient rather than specific 
values of drainage area and channel width. For example, 
using the determined value for pretilt gradient of the 


| ancestral Yuba River of 20-25 feet per mile, the plots 


show that the largest area likely for the drainage basin 


‘ would be 1.800-2.500 square miles. Lindgren (1911) 


relief. Southern Mexico fits these conditions. but the : 
lack ot detailed topographic maps precludes making , 
adequate comparisons. The southeastern part of the : 
United States approximates the right climate. but the : 


characteristic relief conditions are lacking. The river | 


svstems selected for studv are those of western Wash- - 


ington. Oregon. and northern California. because both 
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CHANNEL GRADIENT, IN FEET PER MILE 


Fictre 29.—Relation between channel gradient and driunaze 
area tor selected localities on rivers in the Pacitic States. 
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CHANNEL GRADIENT, IN FEET PER MILE 


“IGURE 30.—Relation between channel gradient and width of 
alley fill for selected localities along aggrading rivers in the 
Pacific States. 


| astimated a minimum drainage basin for the ancestral 
Yuba of approximately 1.000 square miles. Using the 
same 20-25 feet per mile gradient and applying it to the 
slot of valley-fill width versus channel gradient (fig. 
30), the valley-rill widths would likely range from 
about 500 feet to as much as 6,600 feet. This width 
corresponds well with the variation of valley-fill widths 


observed for the ancestral Yuba River. If the drainage - 


area is assumed to be 2.000 square miles (above the 
area studied) and is applied to the diagram by Leopold. 
‘ Wolman. and Miller (1964. p. 144) of drainage area 
versus channel length for major rivers of the world (fig. 
31). the maximum length attained by the ancestral 
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Fictre 31.—Relation ot channel length to drainage area for 
~arious rivers of the world tatter Leopold and others. 1964). 


_ Yuba above the area of this study was about 150 miles. 
This means that the drainage divide and headwaters 
of the ancestral Yuba River were, most likely, no 
farther east than western Nevada. This studv uncov- 
ered no rock types in the river deposits that could not 
have been derived from the Sierra Nevada. But Bate- 
man and Wahrhaftig (1966, p. 139) and Durrell (1966, 
- p. 187) list rock types within Tertiary gravel of the 
. Sierras that could have come only from Nevada. 


RECENT MINING 


| Three different areas along the ancestral Yuba River 

have been sites of gold mining within the years 1967- 

70. Small operations have been carried on near French 

Corral and near Birchville along the lower stretches of 
| the channel and in Spring Creek near North Columbia. 
| Approximately 1 mile northeast of French Corral, a 
| two-man operation was carried on for several years, 
| processing lower gravel within an old hydraulic pit (fig. 
; 32). A large bulldozer was used to break up the gravel 
. and to move it within reach of a bucket dragline. The 
_ gravel was washed through a 34-inch trommel, and gold 

was collected in both hungarian riffles and a rotating 

bowl. Electric power supplied by a portable generator 
; was used to run the concentrator. The plant capacity 
, of 900 cubic yards of gravel per day was seldom 
| achieved because of constant equipment breakdown. 
, “Clean up” once a week produced values ranging from 
. 37 to 30.70 per cubic vard that was taken from blue 
, gravel 20-70 feet above bedrock. The marginal opera- 
tion barely paid expenses. it was continued with the 
hope of reaching richer gravel with depth. A limited 
_ Water supply restricted the length of time that the 
, plant could operate. Costs became excessive near bed- 


' 





FIGURE 32.—A small cold-mining operation located in hydraulic 
pit of the ancestral Yuba River 1 mile northeast of French 
Corral. Blue zravel is exposed in a hole in the toreground 
where the water table was intersected. Note darker coiored. 
wet ground. 
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rock because large boulders were encountered that 
could not be effectively removed from the undrained 
circular pit and gold values did not increase substan- 
tially. The mining company, Sierra Mining and Explo- 
ration. ot French Corral, Calif.. ceased operation in 1968. 

A similar operation was carried on for several years 
1-2 miles ‘‘upstream” on the ancestral Yuba River near 
the vicinity of Birchville. Blue gravel along the side of 
an old hvdraulic pit vielded values similar to those 
obtained in the operation near French Corral. Mr. 
Herbert Jeffries. owner of the operation at Birchville, 
claimed that the blue gravel vielded a table concentrate 
of 10 pounds of sulfides per cubic yard of gravel. It was 
believed that a substantial amount of gold was “tied- 
up” in the sulfides (see section on “Secondary Sul- 


fides’). The operation ceased when Mr. Jeffries was | 


<everivy injured in a nonmining accident in 1968. 
The Dulo Mining Corp., Grass Valley, Calif.. recently 
(1969-70) set up a concentrating plant along the 


ancestral Yuba River on Spring Creek (fig. 33). . 


approximately 1-2 miles southeast of North Columbia 


at a position just upstream from the confluence of the : 
two major branches of the ancestral Yuba River where - 


the tributary is narrow. The operation is similar to 
those previously described. except that the equipment 
is somewhat larger and can handle a greater volume of 
gravel. An “‘air-flow” table is used to separate the gold 
‘rom the heavy black sand concentrate. Lower gravel 
approximately $0 feet above bedrock is heing mined. 
The operation is in its incipient stages. and gold values 
have not vet been determined. 


GEOLOGIC HISTORY 


The foothills region of the Sierra Nevada was part 
“ft a north-trending highland that experienced deep 
and pervasive erosion during the Cretaceous and earli- 


est Tertiary (Bateman and Wahrhattig. 1966. p. 126- . 





ee 


Cigt RE —Mining the lower zravel of the ancestral Yuba 
River aionz sprinz Creek. 
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127). The great amounts of sediment eroded from this 
highland accumulated in the Pacific geosyncline to the 
; west. A laver of rock possibly as much as 17 miles thick 

was removed from the area we now call the Sierra 
. Nevada. and the great batholith forming the core of 
; the mountains was unroofed and exposed (Bateman 
| and Wahrhaftig. 1966. p. 127-128). For the highland 
to persist throughout the Cretaceous and early Ter- 
tiary, the area probably was more or less continually 
uplifted. Perhaps the earliest coarse gravels of the 
ancestral Yuba River reflect a particularly vigorous 

pulse of uplift. Most of the erosion had already taken 
| place bv the time the ancestral Yuba River was carving 
its channel. The final position of that drainage system 
can be reconstructed, but the older drainage patterns 
may never be known. The final drainage system was 
established prior to the middle Eocene and perhaps as 
early as the Paleocene. In its early history, the system 
probably was characterized bv narrow, high-gradient 
high-energy streams and rivers flowing in deep, narrow 
steep-wailed canvons much as the modern rivers that 
: drain the Sierras. These rivers possessed sufficient 
energy to transport 10-foot boulders a minimum dis- 
tance of 8 miles. 

During the long period of degradation, local gold- 
bearing rocks were being eroded. physically broken 
down. and transported by the rivers. The gold was 
released from the host rocks mainly by mechanical 
breakdown but partly bv chemical breakdown. As the 
rivers were primarily downcutting throughout their 
early history. no great thickness of fill accumulated in 
the vallevs. Perhaps as much as 50-100 feet of coarse, 
poorly sorted gravel in the bottom of the channel was 
continually subjected to scour. mixing, and eventual 
transport along the drainage svstem. The free detrital 
<oid in this “lower gravel” increased in concentration 
as more and more gold was added to the rivers while 
- less and less was removed. The gold. as the heaviest 
- mineral in the gravel. would resist most lateral trans- 

port and increase in concentration. particularly in the 

lowest parts of the gravel. Because coarse. chemically 
| unweathered rock debris was constantly supplied to 
the river throughout its extent. this lower gravel was 
' kept in a state of immaturity both compositionally and 
texturallv. Most of the material was eventually flushed 
into the sea to the west. but the gold. particularly the 
coarse gold. remained behind in the river channels. 

In summarv. the lower gravel was deposited in an 
area of high relief in which phvsical weathering pre- 
dominated although the climate probably was favor- 
able tor active chemical weathering. Semitropical vege- 
tation. large trees in particular. was carried into the 
rivers and buried with the gravel. The rivers continued 
to downcut. predominantly during times of flooding 
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and vigorous runoff, and the 50- to 100-foot-thick | 
neer of coarse gravel flooring the river valley would | 
- moved downvalley only to be replaced by new mate- | 
nal from upstream. 
As downcutting proceeded, the river systems became | 
tegrated and through headward erosion extended 
.eir basins and tributaries eastward. By middle or late | 
Eocene time, the steep slopes of the earlier landscape 
‘ad given way to gentle slopes. Relief was subdued and | 
1emical weathering was the dominant process in the 
ureakdown of the rocks. Thick soils developed on the 
land surface. and all but the most resistant rocks and | 
 \inerals were broken down to their constituent ele- | 
' .ents and either carried away in solution or recom- 
bined into stable clay minerals. The river gradients | 
hecame less steep as dissection lowered the drainage | 
; asin until the final phase of river aggradation began. 
_~ubangular to subrounded milky-white quartz pebbles | 
and euhedral and subhedral zircon grains deposited in | 
‘ te rivers during this period imply that the material | 
| roded was not transported for a great distance. Local | 
sources continued to supply the detritus as before, but | 
use of the intensity of the weathering, only the | 
10st resistant minerals survived the journey to the 
ivers. The valley fill increased in thickness as the rivers 
continued to aggrade, and extensive flood plains were 
| 
| 


‘ormed. The rivers, perhaps 150 miles in length, may 
iave been draining areas as far away as western 
Nevada. Plant leaves were occasionally trapped, and 
their impressions were preserved in the clays deposited 
~ on the flood plain. MacGinitie (1941, p. 78) character- 
zes the climate as probably similar to the present cli- 
mate in the lower slopes of the Sierra Madre in the 
: State of Vera Cruz. Mexico—a frostless subtropical 
‘iimate with heavy rainfall in the warm season and a | 
well-marked drv season. The average annual tempera- 
ture at the low altitudes may have been 65°F, the 
innual rainfall at low altitudes, 60 inches. 
Gold-bearing rocks continued to be eroded and 
broken down. but little of the gold was preserved in | 
the gravels and sands deposited during this aggrada- 
i 





ional phase of the river's history. The lack of gold in 
these rocks poses a puzzling and unsolved problem. 
Judged by the amount of vein quartz in the gravels, 
tremendous amounts of potentially gold-rich rocks | 
were eroded. It is not known whether the gold lagged 
behind in the regolith and was not transported in any 
major quantity, or was broken down physically to a 
small size and transported into the bordering oceans. 
or was carried off in solution. Further exploration of 
sedimentarv rocks of equivalent age in the Central Val- 
lev, along with laboratory experiments on physical and 
chemical breakdown of gold. will aid in solving this 
problem. 
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These conditions of low relief. intense chemical 
weathering, aggrading rivers with wide flood plains and 
a subtropical climate continued to the end of the 


: Eocene. after which volcanic activity began. 


At the beginning of the Oligocene Epoch. volcanoes 
erupted. probably to the east near the drainage heads. 
Rhyolitic tuffs were deposited over much of the area 
extending to the bordering ocean on the west. These 
tuffs have been preserved most commonly in the river 
valleys along the flood plains where they were quickly 
covered by younger volcanic rocks. River gradients 
were increased, perhaps by renewed uplift. and volcanic 
cobble gravel was deposited within the older river val- 
levs. A few of the older prevolcanic channels were filled 
with the volcanic detritus, and a thin blanket of vol- 
canic clastic rocks covered parts of the old land surface. 
Channels of new drainage patterns formed, occasion- 
ally cutting across and eroding the older gold-bearing 
gravel. reworking the older alluvial deposits and 
becoming enriched in gold. 

The climate probably was very similar to that of the 
middle Eocene. Fossil flora from volcanic rocks of this 
age imply a climate intermediate between temperate 
and tropical (Potbury, 1937). Volcanic eruptions, 
together with alluvial erosion and deposition, continued 
throughout the Oligocene to Pliocene. 

Widespread volcanic mudflows covered most of the 
landscape during the Miocene and Pliocene. These pre- 
dominantly andesitic flows probably were derived from 
the slopes of volcanoes located near the present crest 
of the Sierras. Detritus repeatedly flowed down the 
regional slope toward the west and extended out into 
the Central Vallev. The flows were initially confined 
to the unfilled major river vallevs that had been formed 
in the Eocene. As these became filled. the mudflows 


; spread out and covered all but the highest hills of the 


surrounding land surface. Between successive mud- 
flows incipient river systems were born and waterworn 
boulders and cobbles of andesite were deposited in 
restricted channels. These short-lived rivers were con- 
stantly being destroved by subsequent mudflows. Soil 
zones between successive mudfiows. though rarelv pre- 
served, record periods of diminished volcanic activity. 
A rhvolitic tuff was deposited over the southern parts 
of the area in the Pliocene. 

Probably in late Pliocene time. as volcanic activitv 
subsided. the Sierran block was uplifted and tilted 
toward the west (Christensen. 1966). The present 
drainage pattern was developed on the volcanic mud- 
flow surface. and streams have subsequently cut 
through the volcanic rocks, the Paleocene and Eocene 
gold-bearing gravel. and several thousand feet into 
bedrock. The Sierran block must have been tilted west 
of the present foothill-Central Vallev boundary, for 
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the ancestral Yuba River has steep tilt-produced gradi- | 
ents several miles west of the foothill front (the last | 
appearance of the gravel before it disappears beneath | 
the present land surface). Associated with the tilting, | 
small-scale faulting produced displacements of the pre- : 
volcanic gravel and overlying volcanic rocks. During | 
and following the uplift, initiated in late Pliocene time, | 
most of the volcanic cover was eroded and vast areas of | 
the prevolcanic land surface exhumed. It is because of | 
this exhumation of the early Tertiary surface that | 
major portions of the prevolcanic gold-bearing gravel is | 

exposed today. The modern rivers cut through the old 
gravel deposits and isolate them on the interstream | 
divides. Long stretches of the prevolcanic gravel were 
eroded in places where the modern rivers followed the 
earlier river courses: the reworked gold became part of | 

the present river deposits, and much of it has been 
subsequently mined. | 
Although Pleistocene glaciers were not present in | 
the area of study, the associated wet cool climate | 
probably promoted extensive mass wasting and the | 
reduction of the volcanic deposits capping ridges. Col- 
luvial deposits continued to accumulate at the base of | 
the oversteepened volcanic cliffs. However, the greatest | 
i 





recent change of the land surface was produced by man. 
One cannot help but be overwhelmed by the enormous 
effect of hydraulic mining on the landscape. Hydraulic 
mining, bv disrupting the natural geologic processes. 
locallv changed the foothills landscape as well as the ; 
present stream and river systems. Although this hap- | 
pened decades ago, the effects are still vividly apparent 
in the foothills and the Central Valley, and in San | 
Francisco Bay. 
| 
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DRILLING AND SAMPLING TERTIARY GOLD-BEARING GRAVELS 
AT BADGER HILL, NEVADA COUNTY, CALIF. 


9 By 


Russell R. McLellon,! Richord D. Berkenkotter, ' Richard C, Wilmot, ' 
ond Robert L. Stahl 2 
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ABSTRACT 


As part of an effort to develop new or improved placer mining technology 
in the Tertiary gold-bearing channel Bravel of northern California, the Bureau 
of Mines conducted investigations at the old Badger Hill placer mine in Nevada 
County, Calif., to collect data and information regarding drilling and 
sampling methods and deposit characteristics. 


Sampling studies involved the collection and processing of 400 tons of 
large-and small-volume samples from drill holes, underground workings, surface 
pits, and blasthole rounds. A total of 355 samples averaging 2,296 pounds per 
sample provided reasonably accurate data for analysis of the gold distribution. 

se studies indicated that the bulk of the gold is within 40 feet of bedrock 
Oro lenticular zones of cemented gravel that are largely confined to 
the relatively narrow, meandering course of the deepest portion of the bedrock 
channel. 


Drilling studies involved the testing of truck-mounted rotary, bucket, 
and vibratory drills, none of which proved to be a completely versatile tool 
for sampling quickly and reliably both consolidated and unconsolidated gravel. 


INTRODUCTION 


To meet the national requirements for increased domestic gold production, 
the Bureau of Mines, under the acgis of the Heavy Metals Program uf 1966-70, 
conducted a nationwide search for favorable gold-bearing deposits. Prelimi- 
wary investigations indicated that the immense Tertiary channel gravel 
deposits of California (1, 8) contain one of the largest reserves of gold in 
the United States; reserves that might be developed rapidly with the applica- 
cion of new or improved placer mining technology. The Badger Hill Deposit in 
Nevada County, Calif., was selected as a typical and convenient site for 
vureau of Mines research groups to conduct surface and underground investiga- 
Lions in the Tertiary channel environment. 


eo engineer (now with Mining Enforcement and Safety Administration, 
meeOenver, Colv.). 


“Geologist (now with Denver ‘ining Research Center, Denver ,-Colo.) 
Uaderlined numbers in parentheses refer to items in the list of references 


preceding the appendix. 


Five Bureau of Mines research centers and laboratories participated in 
mining subsystem studies at the old Badger Hill hydraulic mine, Nevada County € 
Calif., to identify the problem areas requiring immediate solution to 
stimulate gold mining in these extensive gravel deposits. The Original objec- 
tive of the program was to delineate a segment of a typical Tertiary channel 
and then conduct intensive mining research, followed by demonstration mining. 
Reduced funding and subscquent reorientation of tne work resulted in the 
emphasis being shifted towards research within the problem areas that were 
encountered for each mining subsystem. The demonstration mining stage of the 
project was eliminated. 


Deposit delineation activities under the Denver Mine Systems Engineering 
Group were oriented to accomplish the following objectives: (1) Determine 
the vertical and horizontal distribution of the gold particles; (2) test and 
improve drilling and sampling equipment and techniques; and (3) provide 
drilling support for geophysics studies. 


Sufficient sampling data were obtained to verify that a relatively normal 
placer gold distribution exists in the Badger Hill segment of the San Juan 
Ridge channel. The drill-sampling investigation indicated that the drills 
tested by the Bureau of Mines were incapable of providing reliable samples of 
‘the deep, cemented gravels; however, the rotary drill was found to be essen- 
tial for rapid probing to bedrock in support of the seismic technique that was 
developed to establish bedrock configuration. \e 


Througnout this report, sample results are presented in terms of milli- 
grams of gold per cubic yard (mg/cu yd) of in-place gravel and milligrams per 
‘on (mg/ton) of dry gravel. Density tests place white Sravel at 2,700 pounds 
er cubic yard (lb/cu yd), red gravel at 3,570 1b/cu yd, and blue gravel at 
3,900 1lb/cu yd. To assist with the task of converting from milligrams to the 
currently fluctuating value of gold, the following items of information are 
presented: 


1. 31,103 mg is equal to 1 troy ounce. 


2. Current price of pold per troy ounce divided by 31,103 is equal to 
he current value of | mz of gold at 1,000 fine. 


3. The value in item. z multiplied by 0.9 is equal to the value of 1 mg 
f gold at 900 fine. 


All Badger Ilill sample results are Presented in milligrams of gold at 
OO fine unless otherwise stated. 
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FIGURE 1. - Location of Badger Hill and Molokoff pits, 
San Juan Ridge, Nevado County, Calif. 


between the Middle and South Yuba Rivers. 





Approximately 5,000 feet 


DESCRIPTION OF BADGER HILL 
SITE AND DEPOSIT 


The -Badger Hill deposit 
is on the west slope of the 
Slerra Nevada Mountains, in 
Nevada County in northern 
California, approximately 
12 miles due north of the 
town of Grass Valley and 
6 miles west of the huge 
Malakoff pit (fig. 1). 
area may be reached by 
traveling northwest from 
Grass Valley on State 
Highway 49 for approximately 
20 miles, then northeast on 
Tyler Road for 5 miles, then 
north on a dirt road about 
1-1/2 miles to the project 
site, located in sec. 36, 
T18N, RYE. The famous 
hydraulic pits of North 
Columbia and Malakoff (5-6), 
among the largest in the 
Sierra Nevada, are located 
a few miles to the east 
(fie. 42). Bin dry weather, 
access to the area is 
excellent; however, during 
the rainy season the dirt 
road leading to the site 
often is excessively muddy. 


The 


The deposic is perched 


on San Juan Ridge from 700 


to 900 feet above and 
of the 


‘yorkings. 


nortn end of the deposit was mined hydraulically (3) in two benches privor*to 
1884, creating a mile-long pit known as the Badger Hill diggings. A vertical 
bank of grave! approximately 120 fect high Separates the lower from the upper 
The lower pit was hydraulicked to bedrock, laving bare about 

peo icethot-sriveychanne Pebottom: Total. relict cin the pit area is about 

360 tect; the altitudes range from 2,340 feet in the lower pit to abcut 

ee Leepyonacnevhighinoint of the upper bench (fig. 3, in pocket). 


Exploitation of the Badger Hill deposit and of all other similar deposits 
ee norunern CaaviGrn ig hy Piece-soa: oc ivdrawl ie mining ceased in 1884 because 
2 legal restrictions placed upon the disposal of debris (4). Production 
eres ar@aiok a¥artablestor tic ’thadger Nil] diggings, although the pa Gsize 
sndicates that several million cuoic yards of gravel were removed prior «> 
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FIGURE 2, - Tertiary channel and major hydraulic pits on San Juan Ridge, Nevada County, 
Calif. 


"884. According to a summation of several 
»700,000 cubic yards of red and blue fravel is exposed in the pit area at 
Badger Hill. The total Badger Hill deposit is estimated to contain approxi- 
ately 76,900,000 cubic yards of gravel. Detailed information concerning the 
adger Hill deposit is lacking, although early enginercring reports (Se 79" 95 


ll) are available describing the mining, sampling, and reserves of the bulk of 
he channel on San Juan Ridge. 


earlier reports (5), a reserve of 


The Badger Hill test site is at the west extremity f£ a 6-mile-long 
egment of Tertiary channel fill that ranz’.s in depth from about 250 feet at 
-adger Hill to about 500 feet at the eastern end of th: 


+ segment. The channel 
vidth ranges from 1,200 feet at Badger Hill to epproximately 7,000 feet about 
miles to the east. 


The fill is classified into upper and lower gravels. 
ontains abundant milky-white quartz pebbles interbedded with large amounts of € 
sand and clay. This material is well exposed in the walls of the hydraulic 
‘it and normally comprises the bulk of the channel fill in undisturbed areas. 
ce. figures. A, and 5 aGfioess in pocket) for geologic cross sections through the 
adger Hill pit. For explanation of profiles AAS BE CC, vaand DD', see 
igure 3 (in pocket). Within the lower gravel, two units are recognized as 
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FIGURE 4. - Cross sections through Badger Hill hydraulic pit. 


blue gravel and red gravel. The coarse, poorly sorted blue gravel -that 
comnonly, fills the bottom of the channel is blue-gray in color below the watd@ 
table, carries secondary sulfides, and normally is cemented. The overlying 

red gravel contains few boulders, is better sorted, is stained reddish-brown 

by iron oxide, generally lacks sulfides, and is well compacted but not 

cemented. 


Approximately 80 percent of the gold occurs in the blue gravels near 
bedrock. The remaining 20 percent is distributed erratically throughout: the 
red and white gravels from the ground surface to the blue Gravel contact and 
from bank to bank in the channel fill. 


DRILLING AND SAMPLING DELINEATION COMPLETED BY THE BUREAU OF MINES 


The original drill-sampling and trench-sampling projects were designed to 
determine the suitability of the Badger Hill deposit for demonstration mining. 
If results were favorable, the drilling and sampling projects were to provide 
sufficient delineation data (vertical and horizontal distribution of gold and 
material types, bedrock configuration and depth, and accurate topographic 
control) to develop a detailed three-dimensional physical model of the deposit, 
which would be used to develop an optimum mining system. 





Reduction of funding resulted in the elimination of detaile! drilling (‘e 
that would more firmly establish the distribution of the gold; however, 
sufficient drilling and sampling were accomplished throughout the deposit to 
determine the various weaknesses and advantages of the equipment and tech- 
niques employed and to verify certain concepts regarding the distribution of 
gold. 


Sample processing facilities were established at Badger Hill to concen- 
trate large- and small-volume gravel samples at the site. Equipment included 
a large-volume sample concentration plant designed and built by the Bureau 
(figs. 6-7), and complete ancillary power, loading, pumping, sampling, and 
transportation equipment and facilities. Large-volume samples from the upper 
gravels were obtained with a bucket drill equipped with a 30- or & 36-inch 
dit. Small-volume samples from the cemented gravels were obtained with a 
standard-type rotary drill equipped with 4- to 5-inch button bits. The most 
significant use of the rotary drill was to quickly determine the depth to 
bedrock in support of the geophysics portion of the delineation studies. 


Samples not classified as drill hole samples were collected from hand- 
dug pits or selected from hatches of cemented gravel that was fragmented by 
olasting at underground and surface test sites. 


Samples were comprised of hundreds or thousands of pounds of gravel, and e 
normally produced up to 25 pounds of concentrate that might contain from a few 
cozen to many hundreds of gold particles or colors ranging in size from micro- 
scopic specks to flakes 3 mm or more in diameter. The relatively large 
amounts of concentrate and gold per sample required the adaptation of field 
zvaluation and recording techniques that differed from those employed for 






FIGURE 6..- Loading gravel into sample plont.” 3 


tandard churn drilling samples (2), which normally produce a few ounces of 
oncentrate and a few easily counted particies of gold. 


Concentrates from Badger Hill were panned down to an average of 
-.) pounds per sample, from which all but the smallest particles of gold 
(minus 100 mesh) were removed for counting prior to amalgamation. Often large 
uumbers of the smaller particles could not be included in the colorAcount, 
~nus explaining some apparent discrepancies between the color count and the 
total weight of the gold recovered by amalgamation. For examples of such 
iscrepancies in the drill hole sample data, see appendix table A-4. 


Another apparent discrepancy will be noted in the comparison of sample 
‘Gres and sample weights as recorded in table A-l. For a constant sample 
vamime, the sample weights often vary considerably as a result of the 
relative amounts of clay, sand, gravel, and cobbles in each sample. Samples 
hat contained a high percentage of clay and sand invariably were many pounds 
lighter than samples of equal volume that contained a high percentage of 
sravel and cobbles. 












FIGURE 7, 
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The drill holes and correspond- 

UG ised dig according to type, location, or task. Bucket drill 
ample numbers are prefixed with’ the letter Bb and rotary drill sample numbers 
re Prelpred With the letpar © an table A-l. Ag indicated in table A-l, 
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@ TABLE 1. - Resume of drilling and sampling at sadger Hill 


Average weight 
Sample type weight, lb j)footage |per sample, Ib 











BRckrt drs Liwtaussese) Lo. “4 601,744 3,760.9 
Rotarvuice) leon 822 fees nuns 21 30,069 {1,171.0 (1,431.8 
BISSCHO bee do fst res Ls Pt, Ss Sole 1,002.8 
NVOrOldoPy holes yn ovnte 65 Gt 10), 74,988 962.0 Als 320 
Measured pit: | 

PAU SOXROSS. © ate cal auc s «oi! 5 133675, / 17\C4 2,735.0 
eT SCLICSs cas Leet nnddue~ 5 * Ljbepad! “24 2,104.5 
SEratigscaphic: «+0 -feefamss -A 13 2,08: () 173.6 
ADL E “route tiers pr yeetwsiee 38 21,22 qo 2,398.6 
gO a Oe ee een, eee 7 20), 292-491. €) 2,898.8 
Bedrock drift (winze)........ 3 p02 | NJ 100.6 

.Upper level drift..(raise)-.... ake wagno: (yy Ade 
Face: 

Power Jbongll. a. os mae. Ae... 55 440 (> 8.9 

Lower bench select......... 2 1,022 GJ 811.6 
AOC DOCU) me a an SOS. bs 6 (7) 45.9 (4 
Mbratory drill holes........ i) (Gi) 0.0] 9 Cy 

is! hee 57 355 891.315 [3,550.9 2,296.0 





“ho samples were collected. 
“Weight not recorded. 


blasthole samples were obtained from two rows. of surface holes PET. 3) 
that were drilled in a prepared bench of blue gravel. The sample numbers 
correspond to the hole numbers and have a prefix of BL in table A-1. 


Five hydrology test holes were rotary drilled and two samples were 
collected from each hole. The holes are listeé as A, B, C. D, and E (Cie <3) 
and the corresponding samples are prefived witiy the letters MI in table A-l. 


One ventilation hole, Vil-l (fiy,. 3) was rotary drilled from the surtace 


to the depth of the underground workings to provide additional air to the test 
rooms. One sample was collected and is recorded as C-l4 in table A-l. 





144 Measured pit samples @ 
j from pits 1-5 (fig. 8) were 
| N qn? cut at the start of a 


sampling project to test 
Statistically the reliabil- 
ity of large-volume samp!es 
‘versus small-volume samples. 
Early termination of the 
Program prevented completion 
of this project; however, 
the sample results of five 
l-cubic-yard samples 

(A samples) and 15 0.75- 
cubic-foot samples (P sam- 
ples, fig. 9) are presented 
in table A-3 according to 
pit number and sample number. 


A series of strati- 
graphic samples (figs. 3 
and 10) were cut in a 
vertical face of red gravel € 
near the edge of the lower 
bench. The results, 
prefixed with the letter i 
are given in table A-3. 


Adit round samples are 
bulk grab samples that wore 
collected underground after 
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Scale, feet 
Contour interval 25 feet 


letters AR in table A-2. 





& 
Triongulation station 





Toe bulk samples are 
bulk grab samples that were 
obtained from the toe of 
each of the two masses of 
fragmented blue gravel 
pcoduced by surface bench blasts (fig i949)... aii samples are prefixed by the 
letters TB in table A-3. | e 


FIGURE 8. - Location of large- and small-volume pit 
samples and holes 12A and 12B prior 
to surface blasting, 


Bedrock drift samples (fig. 11) were cut from blue Sravel in the floor of 
“he southeast-trending drift at the bottom of the winze in the Badger Mili 
lit. The samples are identified in table A-2 as bedrock ¢rift samples ]-3. 
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FIGURE 10. - Locetion of Stratigraphic samples, 


Upper-level drift samples (fig. 11) were cuc from blue gravel in the 
walls of a short drift off a 20-foct raise in the right wall of the Badger 
Hill adit. The samples are identified as upper level samples 1-9 in table A-?. 


A total of 55 samples were cut at intervals of from 10 to 20 feet along 
700 feet of the old working face of the lower bench to provide a 
reconnaissance-type evaluation of the distribution of gold near the contact of 
the red and blue gravels. The samples were approximately 1/10 cu ft in volume 
and averaged 8 pounds in weight. Ten samples contained no visible geld and 
were scattered at random along the face. Forty-five samples contained color 
counts ranging from 1 to 17 per sample with two zones of higher gold concen- 


tration appearing 100 feet and 200 feet north of the adit site (fig. 3, in 
pocket). 


Two select samples were -cut from the face of the lower-bench. ‘The first 
was cut about 10 feet above the portal of the adit to check the surface 
exposure of a zone corresponding to that sampled in the upper-level drift 
(fig. 11). One cv ft of gravel contained 65 mg ot gold. The second select 
sample was cut to check one ot the zones of high gold concentration detected 


by the reconnaissance sampling along the face. One-third cu yd of gravel 
contained 45 mg of gold. 
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o. FIGURE 11. - Location of underground samples, Badyer Hill adit. 
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FIGURE 12. - Location of toe bulk somples and blast 
holes, open pit test area. 


“urcau personnel in 1968-69 provide sufficient dat 
“cneral conclusions concerning the vertical and ho 
old and the physica! characteristics of the gold 
readily identified zones known, from upper to lowe 

‘luce gravels. 


Wnite Gravels 
ee ee ee 


An indication of the distribution and 

(he uppermost 90 feet of the white éravels at 
3 samples obtained from bucket dril]} holes 10 
ne samples were cut at 5-foot intervals and t 
‘Or an average of 3,379 pounds per sample (table 
from the upper 100 feet 


Be i 4)! 
otal 


amples cut 






A-l). 
of white eravele at th hye em 


An experimental vibra- € 
tory drill was utilized to 
drill 13 shotholes for 
seismic measurements (15). 
No samples were collected 
from this drilling. 


All concentrate from 
the above-described samples 
(table 1) was processed by 
amalgamation and cyanidation 
at the Bureau's Salt Lake 
City Metallurgy Research 
Center, and the recovery of 
gold at 9CO fine is 
presented in tables A-] 
through A-4. As indicated 
in the total gold column of 
tables A-1 through A-4, the 
amount of gold recovered 
during amalgamation can be 
increased by Cyanidation of 
the amalgam residue. 


DISTRIBUTION OF GOLD 


A systematic Study of 
the distribution of gold in 
the Tertiary channel from 
the Badger Hill pit to the 
North Columbia pit is 
incomplete because of the 
lack of churn drill holes 
at Badger Hill; however, the 
several types of samples 
taken at all depths by 
a to establish several 
rizontal distribution of 
Particles within the three 
r, 4s the white, red, and 


Size of the gold particles found in 
Badger Hill was determined from 


» 4nd 14 (fig. 3, in pocket). 

ed 11,528 pounds of gravel 

Twelve Stratigraphic 
Pte hi 
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rovided a preliminary check of the gold distribution for that section of the 
-hannel. 


. The 111,558 pounds of upper white gravels contained only 5.5 percent of 
@® l/8-inch material, mostly quartz pebbles, and contained an average of 
22.2 mg/cu yd of gold. Gold content of the samples ranged from 3.2 to 

9.1 mg/cu yd (2.4 to 64.8 mg/ton). The following sieve analysis is believed 
.o be representative of the Bold particle size distribution in the upper 
100 feet of white gravel at both tie Badger Will and North Columbia deposits: 


Particle size Weight-percent 


NUS. 2OCMCSIite, Shia tem 4h. nck () 
Minus 720 plus 40 mesh........... 2 
Minus 40 plus 60 mesh........... 5 
Minus 60 plus 80 mesh........... Il 
Minus 80 plus 100 mesh.......... 12 
“inus L000 neships--es Ba ote s: ore 

COVMMS SHEE Cicas sastesa cae ema eee 1g 


Under the microscope, the gold particles from the white Brdavels (fig. 13) 
ppear to be clean and have a high percentage of slightly flattened Particles 
ather than a predominance of flakes battered to paper thinness as 

characterized by the gold found decper in the channel. many particles appear 
© be remnants of wire gold, and some are nearly spherical. The gold is not 
utficiently worn to have acquired the smooth, dull patina that is noticeable 


9@ axes from the blue vravels. 


Allo of the pold from the white Bravels exhibited a marked tendency to 
float if briefly exposed to air while panning. The addition of a small amount 
of detergent to the water while 
concentrating these gravels was 
essential to prevent a loss of 
gold. As noted by the sieve 
analysis, 70 percent of the 
gOld passed through a 100-mesh 


de ae sereen, thus approaching flour 
rc * mold particle size, whieh is a 
a a ditQicult product co Feeiecr in 
nt . to laryge-escale placer operat bon. 
x) 
4 Clay and sand lenses 
1% within the white gravel von, 
> contain the smallest amount of 
’ geld. The concentrates of 


same samples frem these lenses 
eontained no visible eold. 
This occurrence appears ta hy 
Uniform throughout the ceposit 
Midis indicatdvbsateasthabe 
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FIGURE 13. - Gold particles from white gravels, even the smallest particles of 
Badger Hill, 


old normaly are dropped prior to the deposition of the sand and ¢lay. 
-able 2 contains analyses of twelve 10-pound samples from a vertical section 
of the upper white gravel zone at North Columbia, illustrating the influence 
f an abundance of sand and clay on the gold particle or "color" count per 
sample. 





TABLE 2. - Analyses of 12 white gravel samples 





’ 
e 


Number of gold |Gold weight, 
|__ Clay | Sand [Gravel | __ particles 


0 
2 
6 
2 
eZ 
0 
l 
0 
1 
2 
0 
ad 2 3 
f Oi the four samples in the above series that contained no visible gold, ! 
-one contained gravel. Of five samples that contained no gravel, only one é 


contained visible gold. This relationship is further exemplified by the gold- 

andeclay ratio in the bulk samples. Samples having a high percentage of 
minus 1/8-inch material Benerally contained less gold than those having a 
relatively low percentage of minus 1/8-inch material, providing that the sam- 

les all are from the same Stratigraphic zone. Such comparisons must be made 
within one of the three zones and not between zones, as a sand or clay lense 
"ear bedrock possibly will contain several cents in 20ld per cubic yard--an 

nount that might equal or exceed that of the most favorable matcrial high in 
the white gravel zone. 


Horizontal distribution of the gold is highly erratic in the white 
sravels. Sampling by the San Juan Gold Co. (12) and the Bureau of ‘lines 
“adicates that minor concentrations of gold exist across the entire width of 

lc areas tested, as might be expected from deposition in a braided stream 
environment. A red clay zone forming the Original ground surface provided the 

»st difficult samples to concentrate in the Bureau sample plant. The addi- 

.on of a measured weight of cobbles to a sample normally weighing from 800 to 
1,900 pounds reduced the scrubbing time from 60 or more minutes to about 

) minutes to free most of the gold from the clay. 





Red Gravels e 


A total of 192 samples from 13 bucket drill holes and 32 pits provided 
"8,143 pounds of gravel from the central or red gravel zone at Badger Hill. 
i@ bucket drill holes were Spotted in the floor of the middle bench (fiers 
n pocket) and were extended to the contact of the highly compacted blue 


gravel that usually stopped the drilling advance after a few inches of penetra- 
Cion. A perched water table rests upon the contact of the red and blue 
travels. The thickness of the red gravel zone ranges from 20 to 80 feet in 


& area tested. 


Gold particle size and the amount of gold per cubic yard increased 
noticeably from the white to the red gravels, although the changes probably 
are gradational. In the white gravel zone, bucket drill hole samples yielded 
an average of 22.2 mg/ton of gold (30 mg/cu yd).at 900 fine; and in the red 
gravel zone, 490,816 pounds of bucket drill hole samples yielded an average of 
43.5 mg/ton (58.8 mg/cu yd) at 900 fine. -Plus |/8-inch material. increased 
from 5.5 percent in the white gravel to 46 percent in the red gravel. 


The following sieve analysis is believed to be tepresentative of the gold 
particle size distribution for the red gravels at vadeer Hill: 


Particle size Weight-percent 
Plus 20 mésh..... oes BLAH SE) frie Z, () 
minus 20 minus GO mesh... 2. fo: +1 36 
Minus 40 plus 60 mesh........... 33 
‘iinus 60 plus 80 mesh........... 17 
itinus 80 plus 100 mesh.......... 5 
‘linus 100mestfaid. .1¢1e2 .guldey 4 


Composyté. 14. soso e.. Bek 10U 


Approximately 20 percent of the gold particles observed from the red 

vels were coated with iron oxide or with an unidentified translucent mate- 
Trial thst somecisns completely encased the flakes. Both types of coatings 
Witl irtlueave the efficiency of recovery by «.::lpamation unless ccuboing ts 
employed anead vi the recovery unit. Ten minurcs of scrubbing in the Bureau 
Sutp!>? plant normally was suf- 
fictes: to remove the coating 
and to brighten most of the 
rusty gold. Much of the gold 
will float readily if allowed 
to become dry or greasy at any 
st2ge of the recovery operation. 


As indicated by the sieve 
analysis, the gold flakes 
Senerally are larger in size 
than those from tie white 


Sravels and ere characterized 
by a thin, flat. pancake 
“Ve er ec ou ee a De a ee 
rousn and sometimes spherical 


particles were observed in most 
of the samples, possibly 
indicating more recent libcra- 
tion «and less battering through 
FIGURE 14, - Gold particles from red gravels, Cransporlatien. 

Bodger Hill, 





Sample data (table A-l) indicate that no concentration of gold exists at € 
the contact of the unconsolidated red gravels and the highly compacted or 
‘emented blue gravels. Although the transition from one zone to the other 
»9ften is sharply defined, the contact apparently did not materialize in time 
to serve as a false bedrock. 


As noted in the white gravels, the least favorable zones for the concen- 
tration of gold are those having a high content of clay and sand.- The strati- 
traphic section (fig. 10, table A-3) illustrates the selective occurrence of 
zold in several feet of red gravel, sand, and clay. The horizontal distribu- 
tion also appears to be similar to that in the white gravels whereby minor 
soncentrations of gold were found across the full width of the areas tested. 


Blue Gravels 


Unoxidized or blue gravels cover the deepest portion of the channel to 

_ known depths -ranging-from .118 to 138 feet along the trough at Badger Hill and 
trom 100 to 250 feet along the trough at North Columbia. This zone is 
characterized by a distinctive gray-blue color, high density, and a relatively 
high percentage of large boulders within 20 feet of bedrock. The material is 
iighly compacted and usually is tightly cemented, requiring drilling and 
blasting for primary fragmentation. € 


Approximately 80 percent of the total gold content of the channel deposit 
is believed to be confined to the blue gravels. Sampling data developed by 
the Bureau of Mines tend to confirm the earlier work at the North Columbia 
deposit (12), which indicate that most of the gold is concentrated to the 
lower 40 feet of blue gravels, but not necessarily resting directly upon - 
bedrock. Approximately 50 percent of the richer concentrations of gold in the 
tested areas at North Columbia are from 5 to 30 feet above bedrock. Figure 15 
illustrates the tendency for the gold sometimes to concentrate in multiple 
lenses above bedrock. This type of occurrence was noted and described by 

indsren (8, p. 66) and Munro (9, p. 28) at the time that many of the deposits 
svre being mined. 


The Bureau of Mines collected 154,266 pounds of blue gravel ccmprising 
y2 samples from 33 drill holes, from 38 adit blast rounds, and from 20 pits and 
mts. Seventyeseven percent of this material was retained on the 1/8-inch 
sereen of the sample plant, indicating a 3l-percent increase of coarse mate- 
rial over that of the red gravels. 
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FIGURE 15. - Portion of drill hole fence illustrating occurrence of multiple zones of high gold 
concentration above bedrock, North Columbia pit, Nevodu County, Calif, 


The average gold particle size and value per unit of gravel increased 


roticeably in the samples of blue gravel. ‘The following sieve analyses are 
selieved to be typical for gold from the blue gravel zone at the Badger Hil] 
deposit: 
Particle size Weight-percent 
Plis7?20' nese... 24.7 
Hinus-20*ptussGo mesh. ......... 48.2 
Minus 40 plus 60 mesh........... 19.2 
Minds" 69 plus 80 mesh........... 7 a 
@ Minus: S0cp Luss UU mesty, 2s . a2 
Minus 200Wmeshe?a. 2P'). 7? err een 0 
GComMpuseecee. ar... cl ee, 100.9 


Approximately 50 percent of the gold particles still were coated with 
varying amounts of blue-black material after from 5 to 10 minutes of scrubbing 
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20 










Bw: «clean the gold flakes, 
oO a : : . 
Tapas Gold particles at this 


™,. depth normally are flat, 


= relatively smooth fiakes, often 
Bepof, irregular shape and having a 
ie Noticeably dull: luster 
ia (fig'.16)%:. An’ occasional rou gh 
ae. nape cf get iis sles e 
40. nearly spherical particle 
@. was observed among the minus 
erat Ais BS" 40-mesh sizes, which generally 
Gee eas : #" contain the cleaner, less 
IR $# = -¢ flattened particles. Nuggets 
‘ ieee 1 Set. ALE “ES aah BES were not found in any of the 
FIGURE 16, + Gold particles from blu gravels, “renbluc. gravel samples that were 
el Badger Hille Se AS AG coucentrated: by the Bureau at 
ae Go sovea.premrenitscowmonntnk "Badger '1i11; however, coarse e 
colors weighing from 10 to 15 mg each were plentiful. The largest particle 
found weighed approximately 30 mg and was obtained from a blast round sample 
about 15 feet above bedrock. 
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Distribution of gold in the blue gravels at Badger Hill was found to be 
erratic vertically and horizontally; however, the lenses or gravel that 
contain the richest concentrations of gold appear to be confined ‘to the bot- 
tom 40 feet in the vicinit- of. the decpest part of the bedrock trough. <A 
study of the Bureau's underground sampling results tend to confirm the occur- 
rence iiferred by the North Columbia drill-sampling results (12) of elongate, 
meandering lenses of richer gold-bearing gravels on and above bedrock, but 
confined to the 40-foot-thick zone described above. Systematic drilling 
completed in 1938 (12) at North Columbia indicates that the richest pravels 
within the zones tested are in elongated pods up to 10 feet in thickness, up 
to 300 feet in width, and up to 3,000 feet in length that reflect the 
meandering course of the deepest parts of the channel. 


The Bureau of fines drill-sampling project was too limited to determine 
the approximate length and width of the richer concentrations of gold at 
Badger Hill; however, the underground sampling confirmed the existence of 
multiple zones on and. above-bedrock. “bole fa -an 





Fifty samples totaling 91,852 pounds of blue Gravel were collected from 
the underground workings in the lower bench. They contained gold ranginy in 
value, Lrom/) 1/7 7i7mGeomecr eeu mg/ton. (313.7 seo mee ere me/cu yd) and averaging 
+31.2 mg/ton, or 761.8 mg/cu yd. Collection points ranged from a few inches 
to 25 feet above hedrock. Table A-2 pives winze, raise, and adit blast roand 
anni gkiataySand@iteare 1 } Fives thie sample lecé@tion man. 


Wa 





Three obvious zones of gold concentration were noted in the underground 
workings, although the extent of each zone only can be inferred because of the 
amited horizontal and vertical range of the Crosscuts and drifts. The 
@eina underground workings that were rehabilitated by the Bureau consisted 


channel in the lowe) bench, 20 feet of raise, 42 feet crosscut from the top of 
the raise, 15 feet of winze at the face of the main drift, and approximately 
100 feet of crosscut from the bottom of the winze. Sample results indicate 
that the three sets of workings are in three different zones of gold deposi- 
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FIGURE 17. - Cross section (top) and longitudinal section (bottom) through Badger Hill adit 
showing zones of gold-bearing grave}, 


Cemented gravel resting on bedrock at the portal of the adit contained 
little more than a trace of gold from repeated tests; however, samples of 
‘edrock gravels taken from the crosscut off the winze about 100 feet in from # 

he portal contained gold values ranging from 1,243 to 3,752 mg/ton (2,461 to 
7,323 mg/cu yd). As indicated on the sample location map (fig. 11), the 
ichest sample, containing 7,323 mg/cu yd, is up slope to a point where it is 
t the same elevation as the floor of the adit, and the lowest grade sample is 
at the deepest end of the crosscut. 


The horizontal. extent -of-the-highest concentrations of gold in the’ blue 

gravels wes not determined at Badger Hill; however, 31,528 pounds of blue: 

ravel obtained from 11 drill holes and 7 pits ranging in distance from 250 to 
+00 feet from the underground workings contained an average of 186.3 mg/ton or 
340.1 mg/cu yd. This isa drop of 244.9 mg/ton or 421.7 mg/cu yd from the 

nderground sample average, indicating that the gold content of the blue 
gravels decreases sharply as sampling progresses away from the deepest portion 
of the bedrock treugh. 


EVALUATION OF DRILLING METHODS 


One of the primary objectives of the delineation study was to test and, 
if possible, to improve drilling and sampling equipment and techniques for the 
ertiary channel placer environment. The project plans required a comparison 

£ placer sampling by churn drilling, bucket drilling, rotary drilling, and @ 
vibratory drilling. The Program was terminated before the churn drilling 
hase of the project was Started; consequently, a direct comparison of results 
annot be made. Although churn drilling is the accepted method of sampling 
deep placers (2), it is Slow, costly, and sometimes not too reliable, 
arcticularly where cemented gravels are found, as in the Tertiary channels of 
valifornia. Regardless of the lack of churn drilling data, certain advantages 
and disadvantages were obvious in the drills that were tested. : * 


Bucket Drill 


In the upper gravels where clay is a major binding constituent and where 
ooulders are not Present, the bucket drill fitted with a 30- or 36-inch bucket- 
type bit proved to be an outstanding sampling unit (figs s1L8PaThe high clay 

ontent prevented sloughing of the walls, and the lack of cobbles and boulders 
lessened the overbreak to a minimum. Samples were restricted to a maximum of 

“ feet of hole depth, thus providing at least 1.5 cubic yards of material per 
ample. In general, bucket drill sampling of the white gravels is considered 
to be reliable with respect to lack of hole overbreak and sloughing; however, 
*rilling of this zone without the use of casing is not feasible during the 
ainy season, as the ground becomes Saturated and tends to flow into the large- 
diameter holes as a semifluid mass. en) 





In the central or red gravel zone of the channel, where lenses of loose 
sand and gravel up to several feet in thickness occur, 32-inch casing was 
orced through the thicker sections of loose material using high drillhead 
-ressure. Some diJution was noted in this zone caused by sloughing of the 
thinner lenses of loose gravel and by tearing of the walls by cobbles; 


, Ge 
a vi’ 





“owever, the accuracy of the samples is believed to compare 


well with that of 
churn drilling as a result of the large volume 


involved per sample. 


Water usually appeared in the bucket drili holes at a depth 
lately 18 feet and caused minor amounts of dilution 
against the walls of the uncased holes as the bucket 


‘uring pulls. Normally the high clay content preve 
‘ater. 


Of approxi- 
by agitation of water 
was raised and lowered 
nted sloughing even under 


Bucket drill progress normally was stopped at or Shortly below the 
ontact of the blue gravel, depending upon the degree of cementation or com- 
paction of the gravel. On two occasions large boulders Stopped the drill at 
e..:: contact. to avoid excessive wear and tear on the equipment, no 


: mpt was made to force the penetration into the blue gravels. 


In general, the bucket dril] proved to be an outstandirs large-volume 
sampling tooi for the white and red gravels. It has little or no application 
in the highly compacted and cemented blue gravels. tf sample volume and time 


ire essential factors, the bucket drill has an advantage over the churn dritl, 
owever, it is not able to penetrate the cemented gravel and it requires the 


availability of large-scale processing equipment to concentrate the high- 
volume samples. 


Rotary Drill 


A standard, truck-mounted rotary drill (fig. 19) used by the Bureau and a 
second similar drill used by a contractor for the hydrology study were of 
3reatest value in drilling rapidly to bedrock through the cemented blue 
gravels. The delineation holes were drilled using mud as a circulation fluid. 
The hydrology holes were drilled using large volumes of compressed air to 
cemove the saturated cuttings. Compressed air would not remove thick mud, but 
with the addition of sufficient water to produce a loose mixture, both the 
cuttings and water were blown from the hole as a slurry. 
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FIGURE 19. - Rotary drilling in cemented gravel, 
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Casing was not required to hold the walls of most of the holes that were 
rilled in the blue gravel; however, one hole was lost as a result of 
penetrating a zone of loose sand near bedrock. With the use of mud or air as 
- circulating agent to’ remove cuttings, the value of the rotary drill as a 
elatively precise sampling tool for the Tertiary channel gravels is nil. The 
use Of heavy mud and slow penetration rates did not Prevent excessive dilution 

f the samples. Water alone or water and compressed air used as circulating 
gents tend to produce more dilution than occurs when the holes are coated 
with drilling mud. 


Because of the high dilution factor, which often approached and sometimes 

exceeded 100 percent, no attempt was made to sample the holes at closely 

paced intervals. Cuttings were collected as a single sample from the upper 
~ontact of the blue gravels to an estimated depth of 20 fect above bedrock. A 
second sample was collected from this point to bedrock. The two samples were 
‘ollected primarily to determine whether or not a Sharp increase of gold 
vecurs from the upper to the lower zones of the blue Gravel section and to 
,obtain a full thickness sample of gold from the blue gravel. 


With additional experimental work utilizing casing and short runs, a 
@.:, reliable sampling procedure possibly could be devised for rotary 
lrilling in the cemented gravels. Under this program, the rotary drill's 
principal value was found to be in providing rapid penetration to bedrock for 
1 specific purpose, such as verification of geophysical work or to provide 
wles for hydrology studies. One hole was drilled quickly from the surface to 
the level of the bedrock drift for ventilation purposes. 


Vibratory Drill 


The vibratory drilling concept has been utilized successfully in the con- 
-truction business for driving heavy steel piling using high-°requency vibra- 
tions transmitted through the piling co literally fluidize the surrounding 
oil and allow the piling to sink rapidly to the desived depth. A truck- 
iounted experimental drill (fig. 20) Sameer Laer Ct iis aia! hy 


the Bureau in many types of material to determine the CCI Gat hake c Lae alee eel 
Or capturing samples; however, the result was ees Cs umadital ll Pevsed) tr imcd delle 
Jlocking of the core barrel. Extensive experimental work wee Pere deena day ain 
effort to overcome this deficiency, but the TOSS AEE. oe Sos rare PT Oe Ie ae 


rated before the work was completed. 


Ac Badger Miline thevvibratory drill perteorticd cecept tionally well in tin 
e and red gravels to drill seismic shotholes to required depites an-ine 
L LO CO Bo iCC Cement Ns atime coll women toge mines port hole teas 
SeemriecnLOre (eects teil Clay immediate rchs bieetsai the afiad | ir ae 
Poemenc ect On eC eeWweds OU otileaeeere larrel ae pube is adeSiencd 
ren (eal Owe LNG Canvmamamerntve |, to; CnUeriwitliont. *Looeine  thealerhi will 
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FIGURE 20, - Vibratory drill placing shotholes. 
DISCUSSION OF DELINEATION COSTS 


Drilling and sampling costs incurred by the Burcau of Mines at Badger 


/"i1l have little direct application to the estimation of actual delineation 
osts because of the research orientation of the Bureau activities. 
_tool was tested or developed by the Bureau that i 
'for penetrating and sampling the blue gravels, 
o be utilized at least in part by any company 
,additional delineation work in the channel. 


As no 

S superior to the churn dril] 
this type of drill is expected 
that might consider conducting 


| The most recently completed churn drillin 
‘contracted by the U.S. Geological Survey in th 
| - oximately $25 per foot. 

@:: churn drillers, 
would fall into the ran 


8 on San Juan Ridge was 

€ summer of 1968 at a cost of 
considering the scarcity of experienced gold 
even a relatively large drilling contract probably 
ge of at least $25 per foot as of yearend 1973. 


Realistic cost estimates for additional delin 


eation on San Juan Ridge 
will be controlled by the system of mining that is 


proposed. If the entire 


Bestel is to be mined for’various byproducts ac wall a- ¢ 


a i Cie 
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vampling of at least two types will $e required to investigate the entire & 
thickness of the channel fill te supplement the available sampling data and to 
enerate new data concerning the amount and distribution of the potential 
vyproducts. Ilmenite, zircon, chromite, Garnet, and rutile were identified in 
the concentrate from Badger Hill. Trench sampling of the old working faces 
an be accomplished quickly.and economically to determine the amount..and. dis- 
‘tribution of the byproduct materials-in the white gravels. Trench sampling 
sites are accessible at the Badger Hill, Cherokee, North Columbia, and Spring 
reek pits that would provide adequate sample control for the entire 6-mile 
segment of lava-efree channel. 


Approximately 50 channel samples averaging 40 cubic yards per sample 

Strategically spotted among the old pits should provide reasonably accurate 

‘ata with regard to the amount and distribution of the potential byproducts. 

he cost of a sampling program as of 1971, including equipment, labor, and 
operating costs, will range from $45,000 to $50,000 for a period of from 4 to 

“ months on a 3-shift basis during the dry season. Most of this time wil] be 
pent in setting up, in gaining access to sample sites, and in the actual 
digging of the samples. To process approximately 2,000 cubic yards of gravel 

rith a relatively small and simple trommel-type concentration unit will 

~equire little more than 30 operating days. G 


Regardless of the decision to process or to waste the white and red 
gravels, additional delineation data will be required concerning the position 
and extent of the deepest and most favorable portion of the blue gravels. On 
he basis of drill-sampling data presently available, this zone is expected to 
pe confined to a band seldom exceeding 500. feet in width and 40 feet in .- 
thickness that follows the configuration and meanders of the deepest portion 
»£ the bedrock trough. Drill sampling should be confined to this zone as 
closely as possible to reduce the high cost of penetrating and recovering 
samples in the tightly compacted and cemented blue gravels. 


The deepest portion of the channel can be determined by geophysical tech- 
niques to reduce the target area to a minimum prior to drilling 18 es ie 9 
Jith the proper and successful utilization of geophysics, the fences of drill 
holes can be reduced to three or four holes in possibly five fence: spotted 
ilong the least-explored portion of the channel from the North Coluabia Pitcto 
she lava capping about 2 miles to the east. An additional three to four 
fences might be required between the Badger Hill and North Columbia pits to 
»rovide more detailed data than presently is available from the old records. 


The cost of preliminary delineation (as of 1971) of the deepest portion 
»f the trough along the entire channel is estimated to be $25,000. Such a 
study would utilize seismic and gravity methods and would require three men 
for a period of from 5 to 6 months including interpretation time. A drilling 
»rogram based upon the geophysics data and ranging from 24 to 26 holes 
averaging 300 feet in depth will cost from $110,000 to $160,000 including 
access. 








@B CONCLUSIONS 


bureau of “ines sample results from the Badger Hill depo: : supplemented 
invaluable drilling and sampling data provided by the San Juan Gold Co. 

(2, 7, 9, 11-12) indiccte that the gravels containing the ereatest concentra- 
‘ions of yold are confined to the blue zone within 40 feet of bedrock in the 
sepest part of the channel. The width of the most favorable zone is.’ - — 
estimated to vary from 100 to 500: feet; however, the actual width, thickness, 
id direction of the zone will be determined by the configuration, slope, and 
sanders ot the original bedrock trough. The richest concentrations of gold 
wichin the zone are expected to occur in isolated, elongated lenses of gravel 

hat may or may not be on bedrock. Two or more rich lenses may occur one 
yove the other from 5 to 40 feet above bedrock, creating additional exp lora- 
(ion and mining problems for maximum recovery by underground methods. A rapid, 
nexpensive drill-sampling technique will be essential for underground use to 
1 ove for multiple lenses of rich gravel unless a full mining height of 


- feet is maintained along bedrock. 


‘eld was found to be universally distributed in irregular amounts 
Sreusieut the white and red zones. The quantity and particle size of the 
vid inercased progressively with depth in all three zones. Lenses of sand 

wad Clay contained the least amount of gold regardless of location. 


sone of the three drills that were tested proved to be an all-purpose 

Pvol wae can compete with the standard placer-type churn drill. Each of the 
ree drills has a limited use for special conditions and each in its 

estricted capacity provides satisfactory results; however, the data provided 
by cavlier drilling records (12) indicate that in the blue gravel the churn 
trilling, technique continues to have superior capability for providing signifi- 
antly reliable samples. Additional work is needed towards the development of 
a cheaper, quicker, and more reliable method to drill and sample the cemented 
ravel, as cven the reliability of the churn drill sample is greatly lowered 
hen the casing cannot be driven ahead of the bit. 


[In providing drilling support for the geophysics studies, a standard, 
ruckemounted rotary drill was found to be essential to quickly penetrate the 
cemented and highly compacted gravels to precisely identify the depth of 


cdrock. 


Large-volume samples were difficult to handle and required specialized 
quipment for processing, but the relatively large quantities of gold and con- 
-catrate ihat were recovered from each sample provided additional reliability 


ior the determination of the -quantity and size distribution ofthe gold. 
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Be) 2 
B-2 7 
Be-3 12 
B-4 bi? 
Be5 22 
B-6 27 
B-7 32 
C-10 | 34. 
Coll | 109. 
B-8 2 
B-9 5 
B-10 10 
B-1) 15 
Bel2 20 
B-13 25 
B-14 0 
Be15 3 
B-16 10 
C-3 15 
B-17 0 
B-18 D 
B-19 10 
B-20 15 
Be21 20 
B-22 25 
b-23 30 
B-24 35 
B-25 | 40 
B-26 0 
Be27 >) 
b-28 10 
B-29 15 
B-30 20 
C-l Ze 
C-2 112 
B-31 0 
B-32 5 
B-33 10 
C-4 Ld 
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APPENDIX. --DRILLING AND SAMPLING DATA 


TABLE A-l. - Drill hole sample data 


41.4 


table. 


weight, 
pounds 


te et et ee ee 
oO e e e es se es e e 
EDRDAanannn an 


~“ © © OO O&O CO OO @® OO 








82.65 
91.34 
66.30 
51.18 

120.54 

127.10 
Lost 
61.40 

4.50 


284.04 
282.01 
86.34 
151.57 
276. 36 
44.46 


196. 28 
18.72 
66.60 

206. 80 


22.60 
227.83 
527.84 
124.74 
120.56 
133.53 
126.28 
156.40 

61.62 


319.66 
73.10 
70.90 
62.50 

8.40 

268.50 

189.30 


112.80 
347.44 

41.11 
183.30 
234.60 


Type 
hole 


Bucket. 
Do. 
Do. 
Do. 


Rotary. 


Bucket. 


BUSES ERSTE PRE 


| 


TABLE A-l. = Drill hole sample data--Continued 


Approx- 
1/8-inch| imate 
interval, weight, 


fect pounds 





4,468 | 3,798 23.8 1.68 20.0 | 20.4 Do. 
10 - 15 [4,564 3,971 29.6 1.68 33.0 | 36.0 Do. 
15 - 20 /4,806 4,085 36.4 1.68 97.5 |109.1 Do. 
20 - 25 |5,053 4,295 36.1 1.68 39.5 | 41.1 Do. 
25 = 30 {7,408 6,519 37.8 1.68 27.8 | 29.7 Do. 
30 - 35 {5,957 5,242 38.7 1.68 60.0 | 62.2 Do. 
35 = 40 [6,423 5,781 40.0 1.68 88.5 | 91.2 Do. 
40 - 45 16,593 5,802 32.8 1.68 {356.0 | 363.0 Do. 
45. - 50 |5,999 5,399 38.1 1.68 /356.5 |365.3 Do. 
50 - 55 {6,388 5,621 33.3 1.68 150.0 |153.9 Do. 
55 = 56 764 649 25.1 - 34 15.6 16.3 Do. 
56 - 92 721 671 15.8 -18 22.0 | 23.4 Rotary, 
92 -113.7] 799 743 4.0 el} 4.6 4.8 Do. 
O = 81.8] 2,647 2,462 37.8 4) 53.3 | 55.5 Do 
1.8-101.8] 605 563 31.9 10 {134.0 /134.0 Do. 
O - § 1,958 1,821 33.2 1.68 16.0 16.3 | Bucket. 
5 -10 {5,918 5,196 34.8 1.68 /392.0 |395.8 Do. 
10 = 15 3,915 3,328 30.0 1.68 /|300.0 |301.7 Do. 
ES. B82 208014 141 3,661 29.1 1.68 76.0 76.9 Do. 
20 - 23 1,669 1,441 26.7 1.01 120.0 |120.5 Do. 
23. = 25 1,358 | 1,188 14.7 31 23 41 23.6 Do. 
25 - 30 '4,187 3,588 i5.3 78 25.6 26.3 Do. 
30 - 35 3, 844 3,267 26.3 -78 48.0 | 48,3 Do. 
35 = 40 {5,795 4,932 26.0 78 126.0 {128.5 Do. 
40 - 45 3,181 2,704 13.5 78 59.0 | 59.2 Do. 
45 - 50 14,896 4,162 29.1 78 58.0 | 59.6 Do. 
290 - 55 14,833 4,108 31.9 78 31.0 | 31.6 Do. 
595 - 60 |3,939 3,348 34.3 78 32.0 | 32.6 Do. 
- 65 14,634 3,939 34.7 78 23.2 | 24.6 Do. 
= 70 14,431 3,766 11.4 78 33.0 | 33.8 Do. 
- 75 3,234 2,749 26.3 78 27.0 28.9 Do. 
- 80 {5,064 | 4,305 25.7 78 92.0 | 93.5 Do. 
- 85 |4,002 3,406 25.) 78 91.0 | 94.2 Do. 
- 90 {4,472 3,850 43.4 78 27.8 | 30.4 Do. 
- 95 3,814 3,242 36.1 78 27.2 | 30.3 Do. 
“100 14,279 3,637 aia 78 69.0 72.5 Do. 
-105 3,479 2,957 38.5 78 43.0 | 44.3 Do. 
-109 2,872 2,599 44.3 62 49.0 | 51.4 Do. 
. 2-137 1,059 985 i Wt 13 68.0 70.2 | Rotary. 
-160 676 629 ree 12 8.2 9.3 Do 
=. 5 Bd 1382 3,970 2953 1.68 63.0 | 66.2 | Bucket 
weld A547) 5,060 3258 1.68 79.0 | 80.7 Do 
- 15 14,849 | 4,466 9.6 1.68 Gag 6.7 Do 


See footnotes at end of table. 
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oS) TABLE A-l. - Drill hole sample data--Continued 
Plus |Approx-| Cold |Total 
Diam-| Sam-, Sample Net Dry 1/8-inch| imate |recov-|gold,’ | Type 
Hole | eter,| ple | interval, | weight,’ weight, frac- |volume,| ery, |milli-| hole 
inches 4 feet pounds | pounds tion, | cubic |milli-jgrams 
percent ards {grams 
10...| 36 |[B-49 {15 - 20 [4,809 [4,386 23.9 1.68 33.0 | 34.2 |[Buckec. 
36 |B-5SO | 20 - 26 | 4,953 | 4,606 28.8 2.02 1142.0 |143.0 | Do. 
11). .10 360-/B+$1 0 - 5 |4,296 | 3,690 6.2 1.68 | 42.0 | 43.3 | Do. 
36 | B-52 5 - 10 | 5,102 |4,337 1.5 1.68 17.0 | 17.5 | Do. 
36 |B-53 | 10 - 15 |4,326 | 3,677 a 1.68 26.9 | 26.9 | Do. 
36 |B-54 | 15 - 20 {3,734 |3,174 < 1.68 | Nil Nil Do. 
36 |B-SS | 20 = 25 | 3,924 | 3,335 10.8 1.68 | 49.0 | 50.6 | Do. 
36 {B-56 | 25 - 30 | 4,698 |4,181 40.5 1.68 |173.0 {186.1 | Do. 
36 |B-57 | 30 - 35 {4,794 |4,406 22.9 1.68 | 68.0 | 69.4 | Do. 
30 |B-58 | 35 - 4O [4,475 [4,171 30.6 1.68 | 63.0 | 65.1 Do. 
36 |B-59 | 40 - 45 {4,319 |3,969 23.6 1.68 30.0 | 30.0 | Do. 
36 |B-60 | 45 - 59 {5,131 {4,715 29.4 1.68 | 42.0 | 42.9 | Do. 
36 |B-61 | 50 - 55 14,413 14,033 | 22.1 1.68 | 56.0 | 57.7 | Do. 
36 |B-62 | 55 - 60 | 4.880 4,387 19.9 1.68 56.0 | 57.4 | Do. 
30 |B-63 | 60 - 65 ! 2,839 | 2,467 Es: .78 17.8 | 18.3 | Do. 
30 |B-64 | 65 - 70 !3,465 | 2,994 6.5 .78 | 21.0 | 21.6 ; Do. 
R 30 |B-65 | 70 - 75 | 4,228 |3,640 2.0 .78 LL J6uieal 2-1 Do. 
Y 30 |B-66 | 75 - 77 :2,131 {1,811 4.9 Bl gi} 2 Weyl 300g, ‘Do. 
. : | 
12.041) 30i4/B-130]"0.-° 5 12,589 12,382 30.4 .78 31.0 | 32.0 : Do. 
30 |B-131} 5 - 10 | 3,630 3,220 28.8 «78 24, 32200432 /40e8. Do. 
30 |B-132| 10 - 15 | 2,794 |2,442 34.1 .78 LL7¢4512/00d; Do. 
30 |B-133/ 15 - 20 | 2,799 |2,390 34.2 .78 12'5¢ 623/008. Do. 
30 |B-134| 20 - 25 |4,444 |3,782 32.0 .78 35,064.36 /007. .Do- 
30 |B-135] 25 - 30 |3,351 |2,848 | 40.6 .78 | 63.0 | 63.6 | Do. 
30 |B-136] 30 - 35- 13,454 |2,946 35.6 | .78 10.0 | 10.5 Do. 
30 |B-137| 35 - 40 |3,742 |3,181 50:8) sine aia 56.0 | 59.6 Do. 
30 |B-138| 40 - 45 |3,887 |3,304 29.8 78 50.0 | 53.4 Do. 
30 |B-139| 45 - 50 |3,862 |3,283 36.9 .78 51.0 | 53.6 | Do. 
30 {B-140| 50 - 55 |3,476 |2,955 29.5 .78 32.0 | 35.5 Do. 
30 |B-141/55 - 60 [4,415 1|3,753 37.6 .78 39/054-331504. Do. 
3044) 8-145) GOlee 65) 1a 319, 13,671 a:1107;6 78 | 39.0 | All lid” Do. 
30'.4B-1434'65 .- 70 4|!3,441. | 2,925 36.3 .78 56.0 | 58.0 Do. 
30 |B-144] 70 - 75 49 3,562 33.0 .78 2410 1, 2547 Do. 
30 |B-145] 75 - 80 13,746 |3,184 15.3 .78 36.0 | 38.8 Do. 
30 1B-146/ 80 - 85 14,631 |3,969 372 .78 Lar2re Pahl? Do. 
30 |B-147| 85 - 90 13,625 |3,128 | 42.0 | 78 | 33.0 | 35.8 | bo. 
| 30 |B-148/90 - 94 4,018 |3,468 | 46.2 | .62 | 24.0 | 27.1 | Do. 
94 -152 ! 908 844 24.3 | .29 18.2246 5 otary. 
152 -208 :1,086 {1,010 | 20.0 | .28 34.0 | 36.2 Do. 
1 ae | 
! . 
| 
426, 
Bi 





OL a's ee 7.8299 1426ed o76 6) To Dia sek Drucker: 
ee 25930, || 2; Sone tO .78 |160.0 1161.6 | Do. 
POP =9ts 15,216, 12,8824°d '35e1 78 |105.0 |107.9 | Do 
154-990 |3.984. 13,629, 1137.9 3B) Loam Soe) Sala ok ops 
Cimees 13,122" | 2,864.74 9a) Tie al Se wiah S308 mae LDS 





See footnotes at end of cable. 
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TABLE Ael. + Drill hole sample data--Continued © 


| neste 













Total 
gold,’ Type 
milli- hole 
griims 








Net 


Diame: Same 
Hole eter,! ple j interval, 
inches i feet 


Sap le 
volume, 
» | cubic 









pounds 





! 
| H 
_ Se "pe —— eS perecnt | yards 
2a] 30-245-72.55 SAU Mes" ch ABoD 0.78 
4 30.09 73.2). B45 4 13,968 | 48.1 
: | 








642-66 dsuckoE : 
166.3 De. 







~ 
oc 




















| ‘ 

L390 58 30 Ae 75 GL hes, bia 20° 6.5, aa IB 43.0 po. 
j 30 Ipesu' 5 - 10 409 1 23.1 78 11.20 no. 
| 30 | B-8l 10 = 45 2,364 15.5 78 67.4 — bo. 
1 30 18-82 15 + 2H 2,696 5.9) 78 91.8 | Do 
1 30 [BeBR oa. 2g, 13.545 | 54.3 78 (*) Do 
P30 ehwe882,) S840) hoe 072" 1 y.6K5 4.53.5 | 78 418.0 | po 
y U3 Rss My) Shas 3,894, 3.540 51. .78 62.6 Do 
| 30 PGe86 G+ su.5]} 16s Ttlane | 54 ls 23 68.8 | Lo 
} 

I3...: 36 A M2 4 IS3t2* Pawo7e ©2959 6% 39.2 | be 
1 36 [R112 5 = 0 | 403 13 709 13.4 1.68 128.7 | ne 
| > BOX <P) Shep Sees 70d Naogse oll ade 1.41 36.5 | In, 
bo 3G Teele ty 200 | aisaa Lalas ey 73 30.1 | ope 
ho opg | w-115 MW 2 4 3,229) | 2 ROb Be 18 SH ae 
PS SUR AMGOLS | - Shel | loses hey peeks ge a free! hy, Ge 

30 es his ls MLS 3.479 thy “laws s nig ol Phe, 

B08 B-118035— sS4y 2,919 4,40 "3 OF), Ife Tks. 
PS BomAR-1 12604 205) 6 ante laren hai 3 4D. Ooty fn. 
Wp B12045 = 50 | gas | ogg bb tig 7h 17.04 bo 
p 300) B-121 50. 2 95 35492 25993 | 24 7h 44.2 |} ow 
:  3u | i-122 55 PUGH A ITS 752 EO 7y ee 6 3 7s 90) “ihe bo 
PO 32008-12540) 2965 RT| PE vey Behe: 1 | ee ow 3 33.6 | iw 
| 30 [pet2%6: - 70 | 48s, | 4 166 | 28.4 78 pBitegme tes 
308 1B-125070- = 750% ]1 91437 | 2,995 | 30.2 7s ffi 3ope bo 
| 30 [8-126 75 - 80) | 4.210 | 3 646 M252 78 a?) 3Obe. % 
Ww 30 Bel27 SO) = 85 3.955 093/53 Se reo. 7 ees 97.408 
| 30 hasiog ahs) S08 Sy lesa oe bee 7 pian | a8 17.30 po 
| 30 Rae 90 = 9] be JOSS. ANG 1445 SR 057") ue Lh 26k he. 
bh 30 G17 Lel epaz 937 S71 4%; Tpke | 8 oh ome. 6 Rotary 
PO 3 Seitesisonat-| 2469 654 608593 Ut teed ra Bgeeg eek te 
| 3 C19 ae -222 222 | 1.120 | 4.8 | Js ! US osm 4s Jobe bo 

| : 

14 | 3 HE 1A9F 2088 2.401 12,187 + 27.4 .78 7.04 98.4 j Bucket. 
[90 Waihi? ps Garin) 259% 2,629 | 2,487 23; | “28 bh 3 Ms be 8 les a, 
, jo Teetsihia . 43 SOS Tbe 877 RD PR er 27). eR BE 4 Olen sa 
pM 30 Paice Pye t= 226 2.476 | 9,273 pe tba pe Fh ibd 8 Bek. Th. 
Wri hte weal Ce She RETR Pare tht (aa ; 10,0 | 78 22 | O27 ale ihe. 

30 e154 250 = 30 | 2.258 | 2,037 ) 7.) [2+ 28 GP 20, ORD aie ones. 
| 30 |} Retssi 30 + 35 25960 POS697 Thiet gl le te 15) 2h 5.5 | Ne. 

30 | 4-156135 = 40 j 25703. | 2,454 f Ing 1 9g I 7 plpcaGe! ere ito, @ 
aoe eh ae 9 25s PBS Brio RS i. Be dt oon eee ee i be, 

30-7 B-158 45 = 50 | 3,086 | 2,666 ; 9.7 78 £7, 1906203, 5 deme Hah 

SUSE He 15 WOO 5 1 9 BO SRR | 56 on ee, Be SEB eG, | | he. 
pe: 36 OPER 1G USS? AS | 1, S60 A 11S 8 een eet MRE bt PE PEST 


Sce footnotes at end of table, 
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TABLE Ae-l. - Drill hole sample dtd =-continued: 


Plus Approx-] Gold |Total 
1/8-inch| imate |recov-|gold,’| Type 
interval, frac- jvolume,| ery, |milli-| hole 

feet tion, cubic |milli-jgrams |. 
percent ards | grams 





15 30 |B-87 43.5 101.9 [Buckec. 
30 |B-88 63.1 50.9 Do. 
30 |B-89 57.8 54.0 Do. 
30 1B-90 64.0 86.1 Do. 
30 |B-91 67.5 183.9 Do. 
30 |B-92 62.3 232.6 Do. 
5 |C-12 42.2 185.0 |Rotary. 
§ {C-13 30.0 154.9 Do. 
VH-1l 5 C-14 27.8 642.2 !Venti- 
lation. 
Ke 7 Bie) 29.9 (7?) |Hydral 
7? |HH-2 28.3 @.) Do. 
B... 7 |HH-3 (7) () Do. 
7 |HH-4 41.7 (7) Do. 
Baylis 7 |HH-S 34.8 () Do. 
) 7a 1 HH G ay. 3 ) Do. 
Diese 7 | HHH? 11.9 (Jup|” Do. 
7 |HH-8 73.7 =) Do 
Poo 7 |HH-9 ll.1 (7) Do 
7 |HH-10 11.0 (7) Do. 
| 
BL-1 5 l 0 (-) (7) IBlase. 
BL-2 5 2 0 23.9 ier he po: 
BL-3 5 3 0 27.4 lak Do. 
BL-4 5 4 0 32.6 (Fdanl* Do: 
BL-5 5 5 0 38.5 (Fak Do. 
BL-6 5 6 0 48.6 (*) | Do. 
BL-7 5 7 0 a7) (+) Do. 
Sas 2 ° 0 37.9 GUAR. Do. 
BL-9 5 9 0 36.8 Cr Do. 
BL-10 5 10 0 39.0 Gr) Do. 
BL-11 5 11 0 43.9 C) Do. 
BL-12 5 12 0 40.6 cae) Do. 
“Includes gold recovered by cyanidation of amalgam residue. 
No data. 


“Cyanidation not conducted on samples from holes A through BL-12. 


TABLE A-2. « Underground sample data 


ee 











Net Approximate| Cold 
Location Samp lejweight,| weight,| 1/8-inch volume, recovery, Type sample 
pounds fraction, |cubic yards 
percent 2 
Adit rooms? oe AR-1 2,588 59.7 0.66 520.0 535.9/Blast round 
AR-2 641 53.8 .16 244.0 248.5] grab. 
AR=3 819 83.9 21 310502! (311%6 Do. 
AR-4 545 56.9 14 PAU is Gee eA eer es 
AR-5 650 51.4 17 290.0 + 290.9 Do. 
AR-6 912 54.6 £23 349.0 ©. 54008 He. 
AR-7 507 59.0 113 150.0 | 154.5 | Do. 
AR-8 775 59.4 .20 290.0 : 291.3 Do. 
AR-9 |1,752 60.0 45 660.0 663.1 Do. 
AR-10 |1,729 61.1 44 290.0 293.1; Do. 
AR-11 |1,625 42.5 42 230.0 , 231.0; Do. 
AR-12 611 54.3 16 192.0 194.4: po. 
AR-13 | 654 iy. 17 140.0 | 154.3) Do. 
AR-14 ; 642 60.6 16 380.0 381.1! po. 
AR-15 | £68 56.3 22 175.0" ; 176-8 Do. 
AR-16 | 948 S745 24 1691091 151716 Do. 
AR-17 ; 750 61.5 19 260.0 , 276.3 Do 
AR-18 |7,587 60.1 1.95 I 982277 Hert? | Do. 
AR-19 13,776 73.5 96 800.0 830.3 Do 
AR-20 |3,817 74.6 98 652.0 652.8 Do 
AR-21 /3,839 73.4 .98 678.0 682.1 De 
AR-22 13,638 77.1 93 630.0 654.41 bo 
AR-23 |3,389 73.5 87 499.0 604.0} Do 
AR-24 |3,320 73.5 85 532.0 $45.3 Do 
AR-25 |3,325 85.9 85 643.0 655.61 Do 
AR-=26 (3,554 67.8 91 322.0 326.3: Do 
AR-27 !|3,826 Toa 98 490.0 | 509.0: bo 
AR-28 |3,600 72.6 .92 1563520" "41 640.8" | pe 
AR-29 |3,358 7ae3 . 86 600.0 604.0: Do. 
AR-30 |3,413 76.5 87 340.0 344.8| Do. 
AR=31° 135554 1 3,202 73.0 91 370.0 376.27) De. 
AR-=32 {7,048 | 6,364 Fie 1.81 610.0 640.6! Lo. 
AR-33 13,5€° |3,219 70.4 91 360.0 377.6: Do. 
AR-34 {3,706 | 3,354 72.6 95 298.0 304.21 Do. 
AR-35 |3,739 | 3,496 78.6 96 580.0 587.4 Do. 
AR-36 {3,713 | 3,397 80.3 95 600.0 615701 pa’ 
AR=37 T3780 11 3 G3 Fly hat .97 950.0 955788 } pa: 
AR-38 {3,878 | 3,572 76.3 99 805.0 817.2] De. 
| 
Upper level....| 1 42.5 39.5 89.4 O11 8.0 (7 aM Ga screalas 
fib——-9 48.0 44.6 96.9 012 5%0 cy Do. 
3 50.0 46.5 91.0 013 11.0 igh Do. 
4 56 Ol). £052 1a 092..0 014 23.0 eas | erp 
ie 60.0) 55.8] 86.7 015 11.0 (5 Do 
6 45.5 42.3 87.9 012 1740 Gey Do 
| “ 5120 47.4 7205 013 24.0 es BD 
| 6 4705) "| 66.215 194 27 012 44.0 | Ceti Das 
| 9 59.5 55.3 74.8 015 67.0 peat e ine 
Bedrock drift..; 1 103 95.8] 68.9 026 64.0 (*) | Do. 
1 Tle, 100 93 63.0 026 69.0 Geis, Cre 
3 17 bi 48.8 031 227.0 ("Cafe 


: Includes gold recovered by cyanidation of amalgam residue. 
Samples not amalgamated. 


Location 


Toe lower 
bench. 


Lower bench 
stratipyraphic. 


@.: gold recovered by cyanidation of amalgam residue. 


“Sample lost. 


Oversize not collected in "P' 


TABLE A-3. - Surface pit sample data 






Dry 


pounds 








Se na ae lo ete I ge BB. Ba. tr 
—— He KH OMWYWM Nk WH 


2,742 
112 
111 
117 


2,662 | 2,476 
119 
111 
116 


3), 289 
117 


poabnone ee 


Lar Rly Pola 
’ 
wmuUmuwnuw F&HEkeSY WWWW NNN Kee 
a 


hae YoY - 








weight, 









Plus 
1/8-inch| imate 
izcc- Type sample 
tion, 
percent " 
oY | 1.16 |846.09; - Toe bulk. 
74.2 -75 = =4130.0 {134.1 Do. 
72.6 -71 {280.0 |291.4 Do. 
77.8 -710 * 118A-01 1292.3 Do. 
76.5 -74 {260.0 | 266.4 Do. 
75.4 -76 {130.0 {134.8 Do. 
70.5 -77 =+$214.0 {217.5 Do. 
59.5 -O65 | 16.2 | 17.2 |Stratigraphic. 
ato .109 | 14.0 | 15.6 Do. 
59.3 102, | 35¢001015.7 Do. 
a .030 1.6 1.9 Do. 
36.1 .031 2.4 2.6 Do. 
42.6 .031 ita 5 Do. 
S1.7 .031 je: 1.8 Do. 
52.8 .032 4.8 oe Do. 
52.6 .030 7.4 19 Do. 
63.0 .033 6.4 6.6 Do. 
75:6 9 4033 | &?yM; (7) Do. 
72.4 -032, 4 12k6°) 112.7 Do. 
63.6 ~ O33 8.1. 1 112.6 Do. 
51.7 1.00 |;100.64)108.09|Measured pit. 
>) 03 3.80} 4.10 Do. 
=) 03 5.30] 5.90 Do. 
(=) .03 3.90] 4.20 Do. 
44.2 | 1.00 |{121.48,125.62 Do. 
(~) 1.60 Do. 
i 4.30 Do. 
(7) 5.30 Do. 
oe | 109.00 Do. 
) 1.80 Do. 
) 4.00 Do. 
rr .50 Do. 
.6 39.00 Do 
) 90 Do 
< 2.80 Do. 
) 3.70 Do. 
ey | 16.20 Do. 
) Trace Do. 
+) 710 Do. 
) 3.30) Do. 





TABLE A-4. - Gold particle size distribution (color count) -- 


drill holes and pits 


Sample | Particle size, millimeters! ] Gold weight, 
milligrams 











Hoe 





Rt Taree Fee - : 72.50 
* - 85.64 
: - 63.43 
piRy 5 : 47.87 
: ; 7 Were s 
eh 9 121.19 

-7 tos ° - - 
CeO “ ° - 57.00 
Ce! - - - 4.50 
2 va: the a seo es - e ITT} 265.04 
re) - - 8 265.10 
| le Jiileg $s .- - - 79.69 
NeIMey) GEO. - 6 136.15 
J u-12 0) t | }%5 251.09 
BCE has i see a ee 43.71 
ere eerie cass rm Sk Pd | b-14 oo ed ox | - i84.79 
‘Welgart geo-val ave | Tes 17.16 
 Wetooo! gco-2a.es. | Lod 62.35 
| C-35 pea | - | 200.00 

| : | 

POPC me cchs tty | B-17 : : oe 1 bes 22.40 
Beebe 1 mts " 2 237515 
Hale) Heorreigt >. ERO 508.38 
b= 20 ; oe | r 3 ite l'2 bes 37 
Hi2heb! fond {5¢.en (bes 112.49 
Hee 2° 6) beg.) S40 (SE + ae 128.74 
b= 23 - ei EES 121835 
eee | nee - 1 17 153.40 
PDB | 1190 - | . 57.82 
rita. nese, ORS eM egg pd; . : 7 SQ.4 1160 306.92 
| per ire og 408 10 23 60.50 
| h-28 0 PS 1 le: 3 25 45.50 
Bowe an pe eo 2 30 43.50 
Be na ee ae l 14 8.00 
|e , => | We 39 28 264 . 00 
aa - ee bd 11 19 185.00 
fy 4 OU ete ea BoA | - - | - 7 55 95.50 
1-32 7D cup lor | 5 5 52 230.00 
B33 - | e.g 4 v 28.00 
ig Cah ~ - | 3 17 30 ese 
J ella ic ere a 6 8 6 200.00 


sec LOOLNOLCS Jatvend of t: re 
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TABLE Ae. © Gold pirtied¢ei size distribution (color count) -- 
drill holes and pits--Continued 


Hole 


cae 2 wb 6 6 OE ete Mer oe 6s 6 ee 8 6 


ese 


ap eiasen@ al ee. '8) OF 's 4) oh (@ 6 U6 6 “oF 8 Ee © s. © 


footnotes 


—= 


ac 


end 


of 


—e+- ee 


held 
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ole Sample Particle size, millimeters: Gold weight,’ 
milliyrams 
a eee ee ae 
CP rarer Witty Rat rte: Sek 9 Fhe rare is) re hl 63.0 
e457 bie 79.0 
eee . {ee H.3 
cee ‘) J xs : Be ey 
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- - - z 5 mae 36.) 

sone OM - - - sy Otte 5 (bab 
yah 9 - - - 5) rou | >i 
pare oe - - l 5 110 | 32.0 
eI “ 3 - 10 25) | 32 
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® Hole saints Particle size, millimeters! | Gold weight,< 


milligrams 
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See footnotes at end of table. 


| 3-68 160.0 
| B-69 105.0 
| B-70 30:5 
| B-71 53.0 
| B-72 | 42.0 
B-73 : 100.0 
[eb OF ...--- df..-- _ B-79 hag ba | | 42.0 
_ B-80 | 10 | | 105.0 
: : B-81 eh i2:5! 66.0 
| B82 4 | 90.0 

| B-83 - | | - 
' B-84 , = ae | 417.0 
WEBS ye @|-1 |=) 1 )-)5 y| #e-gol4 125 59.0 
'B-86 =: = Asie 16 | 10 | 150 65.0 
ater. pear...) ony. . | iii eti- | = "t=)—*| Gi-to"| 4150 31m 
| iR-112, f- se eit 5 10 SIO 
© MEP Re) A) ~ 7h 3g) P25 gt 150.) +b? £4: 0 
: Dees pt ey eee ea bisoet |t 24th 
 B-115 SA ed ede bs ane etd 12.3 
' Be116 - ~ 2 50° 4. 75 28.0 
 Bell7 - mie eis Bey. 4o J. 150 21.0 
—B-118 ~ = la - - | 118 28.0 
Ballon y i-th ct 1! 185 48.0 
Aoi) gone Ae meet F130 16.6 
| B12) - - : - Seen MEAG 42.0 
| ' B-122 - =! 2 J 42600 88.0) 
' B-123 - - 31 |= Be L905] 32.0 
B-124 - - [5 apactae BEAT 63.0 
B-125 : pede. EE 10° 200 | 75.0 
R126 monte l Sp comneppcam 54.0) 
| 8-127 “ gle LES 50: | 95.0 
' y-128 : selene =e 20" 16.5 
| p-129 Bee ak 34 8°" 9.4 
,c-17 a ee Pele bea De 1233 
C-18 Be eel en a ee | 8 nate 
1 C-19 <9 Oe - - 18 4.0 

: | 

Qo URES SE ae Ea on | aes 
| | Be150 2 : Sees ghee 70 fo 
B15] Le 1 A~  Be 950 27.0 
!  B=152 pe phe ee 200 ies 
| oma fo | - | = GC 22,5 
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Hole Sample Particle size, millimeters) Gold weight ,~ 
| milligrams 
i404. 6 Rives ae. eee B-154 _ | 29.0 
B-155 -)% ! | 15.2 
| B-156 - =} 2. ERR 103 5.7 
| B-157 : =| "= = POVSA GS TT 260 23.0 
4-158 : : - pets 300 17.1 
8-159 : : bee 75 15.8 
_-B=160 : -} S609 | - 31 7.0 
ih ae ees | B-87 - -j ae Tt] BByei | 205 95.0 
| 3-88 - ~ 3. SRen0 150 50.0 
| B-89 - - 3 830 | 175 Saag 
; B-90 : - 2) Peery 175 85.0 
+ B91 - -[ amt (Sie ea 225 182.0 
B-92 - “| J-12 Pagezp}* 130 230.0 
C-12 - B ih eee 50 180.6 
C-13 - Lf "235 1is07 17 109 152.0 
im] ld pe ee C-14 - ~-?%.22 fti-c0 i 700 640.0 € 
Ais eJtbi gos We eae oy Hl : i 4e 5 @4uons 43390 121.6 
WH-2 = hee = BiatG 35 | 89 60.3 
ETRE Ta eee SY) HIl-3 = bot Roos | ets Go 
HN-4 0 Vo eos, Re la 1S 70 
Che eg) Me ae eb HN=5 - 425 =49 OL ool 74 36.9 
Web eee gee eke 47.7 
Di sy. e ree ace ee eae M7 - mh Lyk he 4 | 333 21m 
i HiH-8 ee ee | L Wiasa li 11.0 
pene ae Ree Goa  MH-9 - ae es ns: 5 : 63 10.4 
" HH=10 - - a4. eae ae s80 A 
Pe sy eu 
a eet er PRE GRAS, Pareles eae. - -- 1, 15° ‘eeegg Speue73 79.9 
LA eh PV SINR Steir ric MER | 3 = ee ne | Le Pat 57 | ooo 7320 
Een ele ene ae 4 Me NER ee 24 | 224 38.4 
OY 5 hier c altel ee ee eee 5 - [bli 3 40 | 256 57.8 
BLO ee a ae go eee 6 ahi 2 = 2 1h F334 126.9 
ley Bar mameMito rc tedat Tecra) Y | 7 ae howe 4 58 | 172 83.6 
BU =8 ot ee eee ida teen ire ey) 50 22093} o447 ¢ 
BUR 9 he oe cn eae ni ae eek 8 38 | 296 76.7 
B= 1 Ou ead. Same 10 Fak - | 4 Lg 1h0 970 81.9 
Nau Riera ety, este) 11 : me Py vee. ce 66.9 
Mefed ecern Se abe 2 | - -44 | 96 | 348 140.2 


See footnotes at end of table: 
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Hole Sample Particle size, millimeters+ | Gold weight,? 
milligrams 
[he ht Roe aie eae aE PeleL ° © l 4 3 29 
P-1-R a - 4 LE 8 3.8 
Pel-F - - 2 8 a Spe 
OU le’ Ses Se eee P-2-L - - 2 6 2 Syne. 
P-2-R - - - ° 10 a 
P-2-F - - 3 = 6 4.0 
Le ST ee Aa mieeeere © P-3-L - = 2 ® 9 ra 
P-3-R - - - l 8 120 
P-3-F - - - 5 2 2.6 
| See eS ee P-4-L . - - l 9 32 
P-4-R - oS - - 9 if 
P-4-F - = 1 2 6 238 
Pir 5. -M8391.. > Meteor E521. 2 = - F 4 3.3 
P-5-R - - - 5 6 
P-5-F ° - l 3 139 
._ ee channel.. | T-l - DB 2 25 124 16.2 
T-2 - = 7 14 30 14.0 
T-3 - 4 10 16 72 1520 
T-4 = - - - 3 1.6 
T-5 - - - 2 3 2.4 
T-6 - - = 10 10 Poe 
T-7 = - = l 10 i 
T-8 ° = - 16 3 4.8 
T-9 ° 1 5 25 - 7.4 
T-10 - - 5 - - 6.4 
T-11 sD de G1 GO Yer EYEC) ea, 
T-12 - - 2 - 10 12.6 
T-13 - 2 2 ie, - pag | 


1Does not include flour gold. 
“Amount recovered from concentrate by amalgamation. 
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TABLE A-5. - Geolovic logs--drill holes 


Stratigraphic [Distance, 
Hole interval, 
CeCr Ta. | 






Material Color 
















1? sdgiew-bboo-l. .ters4 att OF t- oF TIC Cravath. a.) ae 
ro. O7,0=—f9o¢ : 2 OS GLOMC I sca naceetecaanens Do. 
i* (9,02 27. | 8.0 (Sand, clay, gravel, Do. 
| ; water at 19.0 feet. 
@ 27,0- 33.5 6.0 ¢GradvetAsand aan... Do. 
i@ 33-Q= 84.7 |? Cravara, #4 agents. Do. 
t = 34.7= $6.6 41.9 :Cemented gravel...... Blue. 
| 76.6 81.6 5.0 |Cemented gravel, Do. 
| clay, sand. 
81.6- 86.6 | 5.0 !Cemented gravel, sand Do. 
86.6- 916) : 5.0 ‘Comented gravel...... Do. 
91.6-101.6 NO. 0? |) Gl ag agen eae ee es Do. 
101.6-103.6 2.0) | Cenentedee rac ae Do. 
103.6-128.6 20 2 1G] apalogad 1. ake: oe Do. 
blo .G— ls). 3b Sy Phyllite (bedrock)... |Cray. 
Dee SA a a ee MW = 25.0 25.0 Gravel, sand, water |Brown. 
at 18.0 feet. 
Jan ae + \Comentedigravel..,... Blue. € 
Biel d 9 Oy OR eg a ye ee Fee Sar ee f.0 'Grave) .ofond, sqkis. 9. bBeoune 
WPS CTE yal At, 7.6 Gravel, water at Do. 
15.0 feet. 
lyre 76,2 1.0 Cemented gravel, sand|Blue. 
76.2-101.2 25.0) “Gravel Seand: 47. 7.2. Do. 
LOM e217 2 6.0 (Sand, gravel, hole Do. 
caved at 107 feet. 
OMAR 7% So" RR BT. Be N= 15.0 1h. 02 Gravel ae) see ee Brown. 
15.02 41.4 26.4 :Gravel, sand, water Do. 
at W7.efcot, 
: cemented gravel at 
: | 41.4 feet. 
So oe gcd hehe ocx oot eed yf aes me oe Ue gn 20S Oar, 20.0 Gravel, «and, clay... Do. 
20.0- 20.3 | 3h VGrave lee ane eee Do. 
eee Se 2 | 112.3. |Cemented gravel...... Blue. 
Hn o2. = 1385 3 a0 Diorite (bedrock)....|Gray. 
Oh erase catia ate ae, | 0) .a725;-0 5.9 |Gravel, sand, clay...|Brown. @ 
| 3.0= 10,0 2.0) | Sand. scleay. te reawetere Do. 
| 10.0- 12.0 2.0 |Cemented gravel...... Blue. 
bi 2 ee 5.0 Cemented gravel, sand Do. 
| L7...0< 92260 5.0 |Cemented sand, gravel Do. 
22.0-h2ie0 5.Q |Cemented sand, clay.. Do. 
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iStratigraphic|Distance, 
Ilole interval, 
fect 
ee I 8 oo ue er ns aoe ts vi 272. Us¥B270 





Material 













Cemented sand, 
pravels\ clay: 












32.0- 82.0 Cemented sand, Do 
| gravel. 
82.0-107.0 | 25.0 |Cemented gravel, sand Do. 
107.0-122.0 15.0 {Cemented sand, [Benes 
gravel. 
122.0-137.0 ES o Cemented gravel, Sund| Do. 
137.0-139.0 2.0 Cemented sand, Do 
gravel, clay. 
» 139.0-150.5 L1}.5 |Phyllite, quartzite |Gray. 
| (bedrock). 
hy eon. Se aes Ld ireoees i) 5.0 {Clay, sand, gravel...|PBrown. 
5.0- 10.0 : D 40) Clayemsand sts. eso es Der. 
10.02 13.0 | SOL Sande Ae. gs se No. 
F3VO2S5H0 | 2eO MGLay?¥sand.g.. 6s. ss Do. 
1520283500 20.0 hay sand, yravel, Do. 
water at 20.0 feet. 
35.0- 40.0 9.0 |{Clay, gravel, sand... Do. 
@® 40.0- 44.0 4aol Sands. 8. os dsescerss: eae ce 
dj 44.0- 50.0 6.0} ('Clay>“sand, Ygravel:: . Do. 
50.0- 55.0 oe | ands ¥eravel, “clay: :. Do. 
552.0 45620 let) Grave?’;*sand, clay... Do. 
SOTO eeaA20 | 16.0 SANGO Ee. ts le eet Blue. 
72.0-111.0 | Be B4) VSS A RA. Ua? Ae me Do. 
}liv0=1 33.0 | 2200 | Quartzite (bedrock)... |Gray. 
| 
chi ore XO ee em ee OF -hlk729 wie 9 Sand, gravel, clay, Brown. 
water at 3.0 feet. 
17.9- 41.8 20 Wile Cemented gravel...... Blue. 
41.8- 46.8 Se) Cementcd gravel, sand Do. 
46.8- 61.8 15.0 Cemented gravel, Do. 
| sand, clay. 
OARS OTT S M20 Cemented gravel, sand Do. 
76.8- 81.8 | 5. (in Cemented’ travel, ..... Do 
81.8- 94.8 Loe OU Cemented gravel, sand Do 
94.8- 99.8 ct) Oy eee ee bees en fa Green 
99.8-101.8 2.0 Phyllite (bedrock) Gray 
Oi se WOTE |. . -LRVETZ Q - 5.0 31.0 Ler sand, water s,roOwn. 
ab). Leck: 
® 5.0- 10.0 au) Sand-veravel: clay... Do. 
10,,.O-gall2 O 1.0 Same we pr avelo Ass. ae. Do. 
Ils, 0.9252 0 14.0 Cloyvevsand ieravel.:i.|Gray. 
Zoe OF 0 5 CER VN RA a ats es: FE Yellow. 
30.0- 33.7 Seis Sands¥ gravel, clay’. J|iPink. 


TABLE A-5. + Geologic logs--drill holes--Continued 


Stratigrapnic |Distance, 
Hole interval, feet Material Color ( 
feet 
ee ts ie Soe ey | 33.72 35.0 L.3) MGFEVeEL Sloe ee eee Pink. 
35.0- 37.0 2.0 |Sand, gravel, clay... Do 
37.0- 40.0 3. QO} Gravel Cade 62 hs Ue Gray. 
40.0- 45.0 9} OF Sands. ee lei eet Tan 
45.U0- 66.5 21.5 |Gravel, clay, sand...|Tan-gray. 
66.5- 73.0 6.5; Sand hcum@y o..00. os Gray. . 
73.0-109.0 36.0 Clay, gravel, sand...|Gray-blue. 
109.0-117.0 8.0 |Cemented sand, gravel] Blue. 
117.0-137.0 20.0 {Cemented gravel...... Do. 
137.0-142.0 5.0 |Cemented clay, sand, |Gray. 
gravel. 
142.0-143.0 k.O |: Glayveesand 2 deo sa Do. 
143.0-146.0 3.0 |Cemented gravel...... Do. 
146.0-147.0 bh. Qe UChaveOeand fo: .c Do. 
147.02151.0 4.0 |Cemented gravel...... Do. 
151.0-152.0 L.Q) Ca ayell £8 tn ee. «5 Do. 
152.0-155.0 3.0 {Cemented gravel...... Do. 
155.0-165.0 10.0 Quartzite (bedrock).. Do. 
0 ie ee Cab eer eae ree Q c-i.9a20 2.01 NGhay-Ochnd..... 2s aa Red € 
5.0- 17.0 12.08 Ihe 5 AObes. to. . eee Brown. 
17.0- 19.0 2.07 22 oe OE oo We 15% cake White 
19.0- 20.0 1.0 |Clay, sand, gravel... Do. 
29.0- 26.0 6.0 |Sand, clay, gravel Do. 
(caved). 
Ayreon ie Peek os ea 0-5-3110. 10.0) (Clay, sand. '....% 2.27 Red 
10.0- 22.0 12,00 S20 dencinyse eo cou Tan 
22.0- 28.0 6.0 Clay, sand, gravel Brown 
28.0- 55.C 27.0 |Sand, clay, gravel Tan. 
55.0- 56.0 L.O] BSandet: the eos Gray. 
53.0- 60.0 4.0 |Sand, clay, gravel Do 
60.U- 65.0 5.0 CLAM. 6 SANG. gee cee Do 
65.0- 75.0 10.0 |Sand, clay, gravel... Do. 
75.0- 77.0 2.0 Sand, gravel, water Do. 
at 75.0 feet. 
L200 es Naas. et aoe O-92tedtd 4.0 Gravel Gand... .....- White. 
7.D=1.24.0 17.0 |Gravel, sand, clay...| Buff. 
24.0- 50.0 26.0 |Clay, sand, gravel, Brown. 
water at 20.0 feet. 
50.0- 51.0 1:0) WOeeved ae cE) perenne Buff. ( 
51.0- 52.0 1. OF ORS yee OL a shee Do 
5220-76530 3.0 Sand) Pravell ois sya Do 
55.0- 59.0 4.O) : Die uel 8S hea’ soe alee Brown. 
| 59.0- 60.0 1.0 NS ek eee Do 
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Stratigraphic Distance, 
interval , feet 
feet 






















Hale Material Color 























te? Say CS Fy 60.0- 65, 5.0 Gravel Cray eres aU EE. 
65.0- 72.9 7.0 Cravel, clay, sand. brown. 
72 Om eB, 0) 240 Sh Ay: he en Buff. 
“.0- 75.0 F340 braveha 3.0: os. Do. 
| 75.0- 80.0 | TU ligand ag de te Brown. 
;  8U.0- 81.7 | Vy urave bbe i het ss) Buff. 
| 281.7 2483.0 Y Cia ciavetaere | Do. 
83.0- 94.90 i 11.0 haae ee clay, sand... Brown. 
| 94.0+107.0 ; 13.0 | Cemented gravel, Blue. 
clay, sand. 
| 107.0-122.0 | 15.0 “Gravel, clay, sand... Do. 
: 122 05150460 1 30.0 {Cemented Bravel , Do. 
| clay, sand. 
152.0-167.0 15.0 !Cemented Srave]....., Do. 
| 167.0-182.0 B50 -eemented gravel, | Do. 
| clays 
| 182.0-197.0 id ‘Clay, BGive nc toe Gray. 
Po 197.0-)-99.4) 2.0 ‘Gravel, SY Seen Do. 
29 = 710.24) b) - 11.0 [quartzite (bedrock)... Do. 
ee: ee Ce Vs kintialy ¥: 1O.0 ‘sand, clay, gravel... Lrown. 
& Prd Sh ha3 M933 eiay &ravel, sand... Do. 
| Pare ae hae, ‘Gravel, sand, clay, Do. 
i: waler al 28.0 feer. 
GA Pee tng 526 “Sand, Sravel, clay... No. 
7 22. be 8706 z2 “Comented VG) ae ae. Blue. 
ae ' ‘Lath bale gon “Sand, Chive oravel bowen , 
Ue Ee lial yey BOC ger ate Sets Do, 
Paes Ge eee nies: ‘Sand, Chawe cnavel.. . Dev. 
Ib. d- yl 5 US Wises en Same nena a 
PE Sn Ser jea5 Clay, sand, gravel... Deo. 
Degree err a Olay Shaves osand Ne 
2 Ole iw Soi 9G pms) Sand: Sravel, water Do. 
Mee. Ul ecr. 
Pian we yr) Comented gravel... | Mlue, 
eee ees | AF oS} bia ba 7a Scand, TR CUS SC) ltt Radin ae Gray, 
28 ae alta 4.5 Pay ee raved op S| me be. 
' Wp <p ahi BAA PeIvols sands if oo! brown. 
1) 90h =) ol 17% eae Crave. SONS Chav. oR iy 
7 75 s0 =) eg PACs SUNG gio tal Weskuiatel | aeehaan ereiic,. 
! | Si) | 15k ‘Sand, prouce@ chidy... } «fo. 
© ee it Vo] iSand “organ. aed. Po six 
Pegi eee pee eve) cade ).1, Gra 
be STH) IS ie Soe aa te hive 
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Stratigraphic Distance, 
interval, 
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Material 













CTI; -Erdven. ears a 


Gray. 
Sand, gravel, Clay... sai 
OCIVCl clays te Brown 
ter AAS chlor yuri | A: BYES 
Cemented gravel...... Do. 
CPUy eee ee eee ee ee Gray. 
Ceménted pravel. .,'. Blue. 
Compacted clay, Do. 
gravel. 
Ae ah OO es th oe, <A Broun 
GUO Tete ts ee te es Blue 
Siraibe yar ayer oe ae at Green 
Clay snalere ree kee Do. 
Quartzite (bedrock).. Blue. 
Clay’. sravela nit tc se Red. 
OGnus pravel ts 9) sae Brown 
Clay, gravel......... Do. 
SUA SCs See lt ae Do. 
Gvaveltesand se ane Do. 
Santy ce lay) pos 9 een Domb ares 
Gravel, sand, clay. Do. 
Gravel aie sae oe ee Do. 
Clay, water at White 
49.0 feet. 
Sand, clay, gravel... Brown 
Cemented gravel, Blue 
water at 24.0 feet. 
CYAays® Sr ee eet © Do. 
Cemented gravel, clay Do. 
Cemented gravel...... Do. 
Tater bedrock)... 4. Gray. 
Rene clay, gravel, Brown 
water at 18.0 feet. 
Gravel, sand, Clay ..¢ Do. 
Cemented gravel...... Blue 
HGraveles (ie ise ba Dos 
Clays te see ee Gray. 
| Loosely cemented Blue 
gravel 
CHAS. oe ate Green 
Compacted gravel, Gray. 
clity. 
Phyllite (bedrock)... Do. 
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- Geologic logs--drill holes--Continued 


Distance, 
feet 


Wek 





Material Color 
Gravel, sand, water Brown 
at 10.0 feet. 
Gravel, clay, .sand..... Do. 
Gil ays. .,41.,.0a . «i Dataty eis fs Do. 
Gravel©. Gay adiats...: Do. 
Cemented gravel, Blue. 
Andesite (bedrock) Cray. 
CravelnGsahds..i.... Brown 
Gravel, sand, clay, Do. 
water at 12.0 feet. 
Cemented gravel, Do 
sand, clay. 
Sand, clay, gravel... Do. 
Clay, gravel, sand... Do. 
Gravel, sand, clay...|Blue. 
Cdiayedsantwe. i..c.. ss Do 
Cemented gravel, Do. 
sand, clay. 
Cemented gravel...... Do. 
Phyllite (bedrock)... Gray. 
C lieve ett. Se. Brown. 
Cia yiies and rte he ee Gray. 
Gravel, clay, sand... Do. 
Clay, sand, water Do. 
at 34.0 fect. 
Cemented clay, sand, Do. 
gravel. 
Vem ANG Gt «b>. tas.s. « Do. 
Cemented grave’ ...... Her. 
Chavet sandhty...vandy. . Io. 
Cemented clay, sand, |hite. 
gravel. 
Glayetesanda&is. . si ay... Brown. 
Gravel. <i ifei.) cand. He 
Gravel, clay, sand... Mr, 
Sandee. £0avel.i gana. . rf 
Goawen =e. .0.. obian kas I. 
Sander). s.. bs... ss Do. 
Graveis-Sahd, clay... Do. 
Cemented gravel, Blue, 
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ABSTRACT 


The exploration of placers is a problem involving 
nearly all phases of the science of geology, especially 
phy siography and stream sedimentation, neither of which 
has been given sufficient consideration in connection with 
the economic problems concerned. The use of aerial photo- 
graphy is a great aid in the study of placers, both ancient 
and modern. The use of geophysics, when applied as a 
part of a geologic program of exploration, can materially 
assist in guiding drilling operations and underground 
prospecting, with the result that the cost of expensive 
development work-can be greatly reduced and hastened to 
an earlier completion. 


Placers are classified according to the way they are 
formed: residual, eluvial, stream, glacial-stream, bajada, 
eolian, and beach. Since the ordinary stream placer is by 
far the most important, various phases of stream study are 
discussed in this paper. A need for further scientific 
study and the development of systematic working criteria 
is apparent. 


The depleted placers of California consist largely of 
Recent and Pleistocene stream gravels and uncovered or 
buried, but easily accessible, Tertiary channels, while the 
large reserves lie in more remote positions. These are 
exemplified by hidden buried bench gravels not connected 
with the surface nor with channels already worked, and by 
the lower untouched channels that lie on true bedrock be- 
neath the ‘false bedrock’ of the dredged areas along the 
western foot of the Sierra Nevada. Some Pleistocene 
gravels still lie in pockets beneath the waters of the 
larger rivers where faults have caused down-dropping of 
the stream bed. Benches still lie in isolated regions such 
as the Klamath Mountains. The desert affords several types 
of deposits: stream placers buried by ailuvial fans, re- 
worked older placers, gravels interbedded with lavas, and 
the more recent bajada placers. Marine placers of Cretaceous, 
Eocene, Pleistocene, and Recent periods exist in the 
state, which may in places be worth investigating. 


The largest of all these possible reserves in California 
probably lies in the remaining buried Tertiary stream 
channels of the Sierra Nevada. 


INTRODUCTION 


The gold-bearing gravel deposits or placers of 
California that still remain untouched lie, for the most 
part, in more obscure positions than the depleted 
gravels which formerly produced vast wealth for the 
state. The depleted gravels, which were once readily 


accessible but are now nearly mined out, fall into 
three principal classes: 


Depleted Placers 


1. Recent and Quaternary stream gravels. 
2. Uncovered channels of Tertiary age. 
3. Buried Tertiary channels, easily located. 


About one billion dollars worth of gold came from 
these three sources, the first having produced twice 
as much as the other two put together. 

The placers which still remain to be sought out 
and worked, offer a challenge to the ingenuity of the 
exploration geologist. The problems involve the 
following types of deposits: 


Placer Reserves 

1. Deep gravel deposits lying immediately beneath 
several large rivers, such as the Feather and 
Klamath. 

2. Isolated high benches such as_ those found in 
the Klamath Mountains. 

3. Ancient gravels that lie beneath ‘false bedrock’ 
(interbedded volcanic layers) of the dredging areas 
along the western foot of the Sierra Nevada. 

4. Gold-bearing gravels occurring in the ‘shore’ de- 
posits of the lone (Eocene) formation, and the Chico 
(Cretaceous) formation. 

5. Buried Tertiary channels and associated benches 
located in the known gold-bearing districts of the 
state. 

6. Buried Tertiary channels and associated benches 
in the lava-covered district between the Sierra 
Nevada and the Klamath Mountains. 

7. Bajada placers, or desert alluvial fan deposits, where 
gold is derived directly from the original mineralized 
bedrock source. 

8. Desert placers, where the gold is reconcentrated 
from more ancient gold-bearing streams. 

9. Buried desert stream placers. 


The scope of these problems indicates the great 
need of an understanding of the geological principles 
involved. In no kind of mining is geology more appli- 
cable than in the exploitation of these more obscure 
placer deposits. 


Significance of Improved Exploration Methods 


A widespread geologic study of the ancient Ter- 
tiary gold-bearing stream channels of the Sierra 
Nevada, the gravel deposits of which are found to a 


large extent buried beneath a mance of ‘volcanic 
materials, was concluded by the United States Geo- 
logical Survey over half a century ago. Lindgren’s 
**Tertiary Gravels’’ summed up, in a splendid manner, 
in 1911, these various geologic studies. His data 
were drawn from his own careful observations, from 
those of his associates, H.W. Tumer, F.L. Ransome, 
and J.S. Diller, and from such early sources as J.D. 
Whitney, W.H. Storms, and Ross E. Browne. 

Lindgren’s Colfax folio, published in 1900, was 
the last great detailed field study of this kind in the 
Sierra Nevada. By no means, however, is this folio 
confined to the subject of steam channels, for it 
deals with every phase of the geology of the quad- 
rangle. Everything of importance which it was pos- 
sible to accommodate on a map of the small scale 
used—two miles to the inch—was recorded. At the 
time this field work was done, the best equipment 
and finest techniques of the day were employed, and 
very little escaped Lindgren’s keen observation, each 
feature being scrutinized and shrewdly interpreted by 
his masterful mind. 

Since then, however, considerable advance has 
been made in exploration techniques; other and dif- 
ferent points of vantage are now available; anda 
greater degree of refinement of study is therefore in 
order. Furthermore, mining itself has many advan- 
tages today over the earlier methods. 


1. Aerial Photography 

From the air, regional photographs are sy stematically 
taken by qualified aerial photographers. The pictures are 
then examined under the stereoscope, or used in con- 
structing topographic maps which show the most amazing 
completeness of detail. Many surfoce features never be- 
fore realized are thus simply unfolded before the eye. 
Geologic truths in great numbers ore revealed, and mony 
important problems solve themselves. Used as o base for 
location of field observations ond surface mapping, these 
eerial photographs are unexcelled. They are undoubtedly 
the greatest practical aid which has yet reached the hands 
of the geologist; besides they give secrecy, speed, and 
low-cost surveying to the program of modern exploration. 


Il. Geophysical Surveying 

Added to this regional view from the air is the greater 
insight into the very interior of the earth itself afforded 
by several types of geophysical instruments, now well- 
tried and standardized. Peculior characters of rock struc- 
ture and composition are not only revealed but measured 
with precision by skillful engineers. Since the proper 
interpretation of all results thus obtained requires sound 
geologic reasoning, it is important that a better and more 
detailed background of geolosy should be drown, and this 
is made more effective by serial photography. 


Il. Physiography 7 

The subject of physiosraphic geology or oe ie 
has in recent years made notable progress in developing 
sound, scientific principles concerning the history and 
origin of the present surface configuration of the earth. 
Since these principles are directly applicable to the more 
encient eorth surfaces of the Sierra Nevado, over which 
flowed the Tertiary streams now extinct, Tertiary physiog- 
raphy is the key to the ancient channel problem. 


IV. Study of Desert Processes 


Study of the geologic processes at work in the desert 
hos led to a better understanding of the desert placers, 
which offer a practically virgin field for exploration, 


* holding a potential wealth not yet known. 


V. Stream Sedimentation 
Furthermore, the study of sedimentation hasnow reached 
a refined stage of development. There are today available 


verious methods of technique which may be extensively 
applied to stream deposition. This sort of reseorch in- 
cludes the critical study of texture ond structure of strata, 
as well as the microscopic examination of their minerol 
grains. It should yield a wealth of practical information 
concerning the processes involved in the accumulation of 
grovels, in the nature and direction of stream flow, in 
knowledge of what to expect os regards the concentration 
of gold and other heovy minerals, and in the correlation 
of channels of the same period or of the same system. 

The more obvious criteria of stream sedimentation 
have long been used by the experienced miner, who, 4 
examining the gold particles under the simple hand len 
infers whether they were robbed from earlier channels or 
whether they came directly from a vein. Also he uses the 
‘shingling’ of gravels to tell him the direction of streom 
flow. These and a few other working criteria now used by 
the miner, however, have not all undergone o thorough 
scientific test, and at present there is c wide difference 
of opinion as to their interpretation. 


The advances in technique and sound geologic in- 
terpretation should, therefore, be made to serve as 
wide practical aids in channel exploration, and 
much more definite and conclusive results should be 
gained now than were possible years ago. 


Usefulness of Contouring an Ancient Surface 


The most elucidating method of tracing in detail 
and showing graphically the position and course ofan 
ancient stream valley is by preparing a contour map 
of the old drainage surface. The contours may be 
superimposed over a base map which should also 
show the present surface topography and areal distri- 
bution of the geologic formations, as well as any 
mine workings, drill holes, etc. ' 

With the old-surface contours superimposed on 
present surface contours, an accurate estimate ma 


be made of the thickness, extent, and yardage of the 


intervening channel-filled area. The points which are 
to be used in preparing an old-surface contour map 
should be secured through careful study of geologic 
and physiographic conditions, and obtained during 
the surface and underground survey. Drill-hole data and 
the essential results of geophysical observations 
should also be represented on this map. Careful 
enough -study should be made so that the points used 
represent only one period of erosion. 


If the geologic work is done prior to a contemplated 
geophysical survey and drilling program, much time 
and money may be saved in the location and number 
of points of observation, as well as in the number of 
drill holes needed. An approximate old-surface con- 
tour map may generally be constructed as a prelimi- 
nary step by a skillful geologist, though.he is limited 
only to surface data. This map should locate the 
general trend of the ancient valley to which later de- 
tailed work should be confined, thus eliminating much 
unnecessary and more costly work in adjoining areas 
unlikely to be productive. The most accurate elevations 
are those taken on bedrock where it is in direct con- 
tact with the older gravels, or with the pipe-clay and 
other volcanic materials of the oldest period of the 
area, Thus geological investigation should limit the 
extent of the geophysical work, which in turn defines 
the area to be drilled and later to be explored by 
underground methods. 


Provinces of the Ancient Channels in California 


The so-called ‘buried channels’ occur for the most 
part in the northern Sierra Nevada, where, during the 
Tertiary period, millions of years. ago, volcanic out- 
bursts with their mud-flows, covered the then existing 
network of stream courses. Thus entrapped and pre- 
served, this old surface of the earth, probably Eocene 
in age, with all its forest-covered hills, beautiful 
valleys, and winding streams laden with gold, became 
completely hidden. Not until the area was lifted by 
mountain-making forces did the later rivers cut their 
canyons through the heavy mantle and expose what- 
ever was beneath it. But even then, further volcanic 
mud-flows, cobble-washes, and new streams of lavas, 
filled and refilled the valleys formed. Finally, modem 
canyon-cutting trenched the whole area deeply, 
leaving remnants of flat-topped ridges between. 

Though no volcanic mantle ever covered the 
ancient streams of the Klamath Mountains, the region 
was uplifted in late Tertiary and Quaternary times, 
and the rivers were therefore entrenched. As aresult, 
benches of gravel were left at various elevations 
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along the sides of the canyons. Faulting also played 
an important role in the history of the uplift, trapping 
gold-bearing gravels which date back to the Eocene. 
The whole subject of the surface features of the re- 
gion, past and present, represents a series of very 
interesting problems ::ot yet entirely solved. 


In the Mojave Desert, Tertiary gold-bearing streams 
may have once flowed south from the region which is 
now the Sierra Nevada; but during the Pleistocene 
epoch their deposits became so broken and disrupted 
by faulting, and so extensively covered by later 
desert wash, that now. there remains little to be 
recognized or traced. 

The problem of the ‘dry placer’ is one of con- 
siderable importance, and when more is learned about 
it, an immense potential gold wealth may be dis- 
covered which has not yet been glimpsed. It is quite 
possible, however, to find and develop a sufficient 
underground water supply in many places for dredging 
operations. The finding of such water supplies may 
also be greatly assisted through the use of geological 
knowledge and geophysical surveying. 

In the Peninsular Ranges of San Diego County, 
some placers have been mined. In the Poway (Eocene) 
marine conglomerate is found the Ballena placer, 
known as early as 1893. 


Economic Significance of the Tertiary Grovels 


The economic significance of the buried channel 
and the importance of its exploration should not be 
slighted, for it represents a vast future source of gold 
wealth for California. The revival of the channel- 
mining industry is made still more interesting by an 
understanding of the detailed geologic features, the 
possibiliues they suggest for certain of these buried 
stream courses, and the realization of the vast extent 
of the region yet to be explored. 

Since an estimate of the potential wealth of the 
desert placers depends upon further exploration and 
mining of them, it is not yet possible to evaluate 
their place in this study. 


History of Development 


The discovery of the Tertiary channels followed 
shortly after the discovery of gold in the present 
stream courses. In places, remnants of Tertiary 
channels were found lying exposed high up on ‘flats,’ 
stripped‘ of their -volcanic covering by Pleistocene 
erosion. Starting from these flats, the miners followed 
the uncovered channel to the point where it was 
covered by the lava capping, the top of which formed 
another kind of ‘flat.’ Water was nearly always en- 
countered, which led to the construction of long and 
‘expensive drainage tunnels. To place these tunnels 
at the proper elevation to serve their best purpose 
was the most serious problem, for the old-timers did 
not have the powerful pumps which we use today. 


The ideas developed concerning the courses and 
positions of the ancient channels were many aod 
varied. Misconceptions of Tertiary phy siography led 
many persons astray, and millions of dollars were 
spent in vain. In spite of the millions gained, the 
losses were so great as to stamp this form of mining 
as hazardous in the extreme. 

It is most instructive to follow carefully the 
recorded history of mining in a given district and to 
consider its relation to the geologic condition of that 
area. The two are so closely related as to provide a 
guide to the probable history which might be expected 
to be found in anotherarea if the geology were known, 
or vice versa; the recorded history reflects what 
geologicconditions may be expected. 

The geologic history and structure of the buried 
channels are so complex that the best of engineers 


have been baffled by them. Fragmentary benches and 


segments of rich gravel deposits which still rest io 
positions completely hidden from the surface, or 
even from the underground passages which enter into 
the lower main channels afford alluring possibilities 
to the geologist and geophysicist as well as to the 
prospector. A three-dimensional surface, complex and 
irregular in the extreme, is the problem to be faced. ¢ 

The key to the solution is geology, aided by aerial 
photography, followed by geophysical surveying, and 
finally by directed prospecting through means of the 
drill, sbaft, incline, or tunnel. To be effective, all 
these methods sbould be coordinated into one unified 
exploration program. 


CLASSIFICATION OF PLACERS 
Outline of Classification 


A systematic geological study of placers calls 
for an orderly classification dividing them into 
genetic types, which indicate how they were first 
formed. The following classification is based upon 
the fundamental conditions of deposition: 


Fundomenta!l Clessif ication of Plaocers 


A. Residuol plocers or ‘seam diggings.’ 

B. Eluvicl or ‘hillside’ placers, representing transi- 
tional ‘creep’ from residual deposits to stream 
grovels. 

C. Bajada plocers, a name opplied to a certain peculior 
type of ‘desert’ or ‘dry’ placer. 

D. Streom plocers (alluvial deposits), sorted ond re- 
sorted, simple and coalescing. 

E. Glocial-stream placers, gravel deposits transitional 
from moraines, for the most port volueless. 

F, Eolion placers, or local concentrations caused 
the removal of lighter materials by the wind. 

G. Marine or ‘beach’ placers. 


v 


Of these seven types, the ordinary stream placer 
is by far the most improtant. All types are, however, 
more or less interrelated and intergradational; they 
are all subject to deformation or burial, and they may 
be formed during any geological period. 

Most of these various types of placer deposits are 
well known in Alaska. B.N. Webber proposed the 
name, ‘‘Bajada placer’’ for peculiar desert, or so- 
called ‘dry’ placers, which he carefully analyzed 
(American Institute of Mining and Metallurgical 
Engineers Technical Publication 488, 1935). The 
concentration of gold by the agency of wind in West- 
ern Australia has been described by T.A. Rickard and 
Herbert C. Hoover (American Institute of Mining and 
Metallurgical Engineers Transactions, vol. 28, 1898, 
pp. 490 - 537; 758-765). 


General Statement 

In valuating a placer, one of the first considera- 
tions should be the determination of how it was 
formed. It is recommended, therefore, that the explo- 
ration engineer should classify genetically each 
gravel deposit to be prospected. This calls for an un- 
derstanding of the historical geology of the region 
and of the processes which have been responsible 
for the formation of the deposit, as well as how it 
came to be preserved or modified from its original 
form. The actual sampling of a deposit is carried on 
in a much more intelligent and satisfactory manner 
when a clear understanding of the geologic set-up 
has been acquired. 


CHARACTERISTICS OF THE PRINCIPAL 
TYPES OF PLACERS 
Residual Placers 

In order that gold may become. released from its 
original source in bedrock, the encasing material 
must be broken down. This is most effectively done 
by long-continued surface weathering. Disintegration 
is accomplished by persistent and powerful geologic 
agents, which effect the mechanical breaking-down of 
the rock and the chemical decay of the minerals. 

The surface portion of a gold-bearing orebody will 
become enriched during this process of rock disinte- 
gration, because some of the softer and more soluble 
parts of the rock are carried away by erosion, leaving 
the remaining portion of higher tenor. The name 
residual placer is applied to this type of deposit. 
After the residual portion is mined away by compara- 
tively inexpensive methods, the harder mineralized 
rock is encountered, and the mining methods must be 
changed to accommodate another type of deposit, i.e., 
the lode. 
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A. Diagrammatic cross-section showing the transitional 
stages in the development of placer deposits: First, 
the quartz vein; second, disintegration at the outcrop 
to form a residual placer; third, formation of eluvial 
placer by ‘creep’ of residual material down the hill 
slope; fourth, deposition of water-worked material as 
alluvium, forming an auriferous gravel deposit, or 
stream placer. , 

B. Sketch map showing the development of rich placers 
broken-down directly from the disintegration of 
a gold-bearing vein. (After Lindgren, ‘‘Minera/ 
Deposits.’*) 


The so-called ‘seam diggings’ are in weathered, 
gold-bearing quartz stringers, occurring along fracture 
zones of disintegrated schists. 


Eluvial Placers 


After gold is released from its original bedrock 
encasement through agents of rock decay and weath- 
ering, the whole weathered mass may ‘creep’ down 
the hillside (in some regions partly because of frost 
heaving) and may finally be washed down rivulets in- 
to gulleys. Lindgren in Mineral Deposits (p. 213), 
stated: ‘ 


When the outcrops of gold-bearing veins are decomposed 
a gradual concentration of the gold follows, either directly 
over the primary deposits or on the gentle slopes immedi- 
ately below. The vein when located on a hillside bends 


over and disintegration breaks up the rocks and the quartz, 
the latter as a rule yielding much more slowly than the 
rocks: the less resistant minerals weather into limonite, 
kaolin, and soluble salts. The volume is greatly reduced 
with accompanying gold concentration. The auriferous 
sulphides yield native gold, hydroxide of iron, and soluble 
salts. Some solution and redeposition of gold doubtless 
toke place whenever the solutions contain free chlorine. 
The finol result is a loose ferruginous detritus, easily 
washed and containing easily recovered gold. This goid 
consists of grains of rough and irregular form and hes a 
fineness but slightly greater than that of the goldinthe 
primary vein. : 

On its way down the hillside, gold is sometimes 
concentrated in sufficient value to warrant mining. 
Such deposits are classified as eluvial placers. They 
are transitional berween residual and stream, or 
alluvial, deposits. 

There have been a number of residual and eluvial 
gold deposits mined in both the Sierra Nevada and 
Klamath Mountains; for example the ‘seam diggings’ 
of Georgia Slides, Eldorado County, and Scort Bar, 
Siskiyou County. 


Stream Placers 


By far the most important type of placer is the 
ordinary alluvial gravel or stream placer. So far, it 
has been the source of most of the placer gold mined; 
but now its supply is nearing depletion, save for 
values remaining in those ancient channels which lie 
deeply buried beneath a cover of lava or rock debris. 

Deposits by streams include those of both present 
and ancient times, whether they form well-defined 
channels or are left merely as benches. Stream 
placers consist of sands and gravels sorted by the 
action of running water. If they have undergone two 
or more periods of erosion, and have been re-sorted, 
the result will in all probability be a comparatively 
high degree of concentration of the heavier mineral 
.grains. 

Quoting from J.B. Mertie (U.S. Geological Survey 
Bulletin 739): 

All bench plocers, when first laid down, were stream 
placers similar to those of the present stream valleys. In 
the course of time the stream grovels, if not reworked by 
later erosion, may be left as terraces or benches on the 
sides of the valley, if the local base-level is lowered and 
the stream continues to cut down its channel. Such de- 
posits constitute the so-called bench gravels. On the other 
hand, if the regional or local bese-level is raised, the 
original placer may be deeply buried and a second or later 
placer deposit moy be laid down above it... If the local 
base-level remains practically stationary for a very long 
period, a condition seldom realized, ancient and recent 
placers may form a perfectly continuous deposit in a long 
valley, for the deposition of a gold placer is known to 
occur at that point in a valley where the stream action 


changes from erosion to alluviation, and such deposits of, 
therefore formed progressively upstream. @ 

Where several parallel and contiguous streams that are 
forming placers emerge from their valleys upon an open 
plain, perhaps into some wide valley floor, a continuous 
er coalescing placer may be formed along the front of the 
hills. If the streams empty into some lake or estuary, a 
delta placer, genetically the some but perhaps different in 
some minor respects, may be formed. Manifestly such com- 
pound placers may be formed by either present or ancient 
streams and moy be elevated or buried in the same way os 
simple stream placers. 

In order to understand thoroughly the subject of 
stream placers, streams themselves must be studied 
in regard to their habit, history, and character. The 
effects of existing and changing climates, the relation 
to surrounding geologic conditions, and the effect of 
movements of the earth must also be considered. 


Glacial-stream Placers 

It is a frequent fallacy of the placer miner to 
attribute the deposition of gold-bearing gravels to the 
action of glaciers. Contrary to such a belief, glaciers 
do not concentrate minerals; the streams issuing from 
melting ice, however, may be effective enough in 
sorting debris to cause placers to be formed under 
certain especially favorable conditions. In California, 
glaciers occurred throughout the high Sierra durigf 
the Pleistocene, but in Tertiary times they wet- 
wholly lacking. The Pleistocene streams cut through 
the earlier channels, robbing them of much of their 
gold. 

Blackwelder has said (28th Report of the State 
Mineralogist, p. 309-10): 

Since it is the habit of a glacier to scrape off loose 
debris and soil but not to sort it at all, ice is wholly in- 
effective as an agency of concentration for metals. Gold 
‘derived from the outcrops of small veins is thus mixed 
with large masses of barren earth. Attempts to mine gold 
in alacial moraines, where bits of rich but widely scattered 
float have been found, ore for that reason foredoomed to 
failure. 

If @ glacier advances down a valley which already cen- 
tains gold-beoring river gravel, it is apt to gouge out the 
entire.mass, mix it with much other debris ond deposit it 
later as useless till. Under some circumstances, however, it 
merely slides over the grovel and buries it with till without 
disturbing it. 

On the other hand, the streams born of glaciers or 
slowly consuming their moraines have the power to winnow 
the particles of rock and mineral matter according to size 
and heaviness. Such streams may form gold placer deposits 
in the well-known way by churning the load they carry and 
allowing the heavy minerals to sink to the bedrock. Placers 
moy therefore be found in the deposits of glacial rivers if 
there are gold veins exposed in the glaciated cree ( 
stream. Nearly all the grovel which has been dredged 
gold along the foothills of the Sierra Nevada wos deposited 


by rivers derived in part from glaciers along the crest of 
the range, but most of the gold was probably picked up in 
the lower courses of such rivers. Since glacial rivers choke 
themselves and build up their channels progressively, 
their deposits are likely to be thicker and not so well con- 
centrated as those of the more normal graded rivers which 
are not associated with glaciers. 


A few gold-bearing deposits in re-worked glacial 
till may .be found along the eastem front of the 
Sierra Nevada, as, for example, in the region just 


north of Mono Lake. 
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Bajada Placers 


A bajada is a confluent alluvial fan along the 
base of a mountain range. B.N. Webber described the 
bajada type of placer deposit as follows: 

Bajada is the Spanish term for slope and is used locally 
in the Southwest te indicate the lower slope of a mountain 
range, the portion consisting of rock debris and standing 
at a much lower angle than the rock slope of the range 
proper.... 

The total production of gold from bajada placers in the 
southwestern United States is necessarily small, probably 
not over ten million dollars.... 

Most of all bajada ploecer gravels’ are Quaternary and 
the larger part are Recent... 

The genesis of a bajada placer is basically similar to 
that of a stream placer except as it is conditioned by the 
climete and topography of the arid region in which the 
placer occurs.... 

Erosion, transportation and deposition in a region of 
extreme aridity present some phenomena not encountered 
‘im more humid creas. Practically all the work of running 
water is strongly conditioned by aridity.. 

Rock-floored canyons through which rock fragments are 
moved by infrequent torrential floods should constitute ex- 
cellent pebble mills for the further reduction of the material, 
but the amount of attrition accomplished seems to be 
slight, as fragments, large or small, on the bajada slope 
are decidedly angular and show little effect of attrition.... 
Probably a small percentage of the gold is freed during 
this phase of the movement of gravel. The gradient cf 
these intermont drainage channels is too high to permit 
lodgment of the finer gravel. When a small amount of gravel 
is temporarily lodged in one of these channels, the deposit 
displays most of the characteristics of stream gravel. 


As debris reaches the bajada slope a rapid diminution 
in volume of water due to seepage and an extreme decrease 
in the grade of channel causes deposition of debris, and 
either (1) an alluvial fan or (2) a gravel-mantied pediment 
may be formed. If detritus is supplied to a bajada slope 
much faster than it can be removed, an alluvial fan is the 
result....If rock debris is supplied to the bajada slope in 
considerable volume but not in excess of the quantity 
capable of transference to the center of the basin by the 
existing agencies, a gravel-mantie pediment results.... 

The bulk of the gold that has been released from its 
matrix-on the journey from lode outcrop to bajada slope is 
deposited on the bajada slope close to the mountain range. 
The gold is dropped along the contact of the basin fill and 
bedrock; this is referred to hereafter as the lag line and is 
coincident with the line of contact of bajada gravels lying 
at a low angle and the rock slopes of the range standing 
at a high angle.... 

The heaviest deposition of gold is on bedrock at the 
lag line, and since the lag line is moving in the direction 
of the crest of the range, values on bedrock may be dis- 
tributed over a large area of which the longest dimension 
is parallel to the foot of the range. Because bulk concen- 
tration does not operate as in a river channel, and a cer- 
tain percentage of the gold is still locked in fragments of 
matrix, to be partly released by further disintegration on 
the bajada slope, there is a strong tendency for less gold 
te reach bedrock and for more to remain erratically dis- 
tributed throughout the detritus than in the case of stream 
gravels. 


Eolian Placers 


Bajada placers usually show enrichment on the 
surface due to removal of lighter material by wind and 
sheet floods. This is true of some of the dry placers 
of California, though ao commercial eolian gold de- 
posits such as those mined in Australia are known in 
this state. 

Wind action, however, is responsible for the re- 
moval of large amounts of fine detritus in the desert. 
The process involved has been called deflation. 
It is quite likely that it will be found to play an im- 
portant part in the surface concentration of desert 
placers. 

Spurr described ‘‘auriferous sand dunes 
Nevada desert seven miles south of Silver Peak, 18 
miles from the California boundary line, in his Ore 
deposits of the Silver Peak quadrangle (U.S. Geologi- 
cal Survey Professional Paper 55). 
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Beach Placers 


Concentrations of heavy minerals occur in various 
places along the Pacific Coast as a result of the 
action of shore currents and waves, which tend to 
sort and distribute the materials broken down from 
the sea cliffs or washed into the sea by streams. The 


heavy minerals consist for the most part of magnetite, 
chromite, ilmenite, monazite, and zircon, with oc- 
casional fine particles of gold and platinum. Beach 
placers are of two kinds, (a) present beaches and 
(b) ancient beaches. An elevated coast line is often 
found overlaid with terrace gravels which were -de- 
posited at a time when the coastline was depressed. 
The beach placers of economic importance are those 
that have been reconcentrated over and over again. 
Excellent descriptions of the geologic-processes 
involved may be found in reports on beach placers of 
Nome, Alaska, and of the coast of Oregon and Cali- 
fornia. In discussing the origin of the gold in the 


Oregon beach placers, J.T. Pardee says (U.S. Geo- 


logical Survey, Circular 8): 


Some of the miners believe that the gold of the beaches 
comes up out of the sea, an ideo suggested by the foct 
thet after a storm a formerly berren stretch may be found 
to be gold-beoring. This notion is true so for as the im- 
mediate source of some of the gold is concerned. Materials 
composing the foreshore are carried out in the offshore 
zone ct one time and returned to the beach at another. In 
the process a shift up or down the coast may occur.... 
Soundings of the Coast and Geodetic Survey show block 
sand to occur in the offshore zone at the present time. 
Gold and other minerals ore doubtless present also.... 
For the beaches thot border retreating shores, however, the 
most of the gold and other minerals come directly from 
the rocks that are being eroded by the woves. 


The economic possibilities of mining the black 
sands of the California coast for their gold content 
have long been discussed. 

Gold-bearing gravels of marine origin occur in the 
Chico (Upper Cretaceous) sediments of northern Cali- 
fornia. That they are marine in origin and not fluvial 
is shown by their content of abundant fossil sea- 
shells, as well as by the character of their strata. 
They were formerly wrongly classed as ‘‘the gravel- 
filled channel of a Mesozoic river.’’ Gold-bearing 
gravels have also been reported from marine sedi- 
ments of the Lower Cretaceous of northern California. 

Since the gravels of the Eocene rivers of the 
Sierra Nevada were richly gold-bearing, it is to be 
expected that some of the gold reached the sea. The 
sedimentaty deposits of this Eocene sea are known 
as the Ione formation. They occur along the westerm 
foot of the Sierra Nevada. 

Lindgren says: 

At the mouth of the rivers which descended from the 
Tertiary Sierra Nevada extensive delto deposits were 
accumulated, and it is thus difficult in mony ploces to 
draw ony exact line between the lone formation and the 
river gravels proper. The grovels in the formation are 





A. Diagrommatic cross-section illustrating the formation 
of beach placers in Alaske. (After Collier and Hess, 
United States Geological Survey, Bull. 328.) 


B. Cross-section of a typical beach plocer (Oregon). 
(After Pardee, United States Geologica! Survey, 
Circular 8.) 

C. Diagrommatic cross-section of a coast, showing 
shore zones in on advonced stage of development. 
(After Johnson, see Pardee, United States Geological 
Survey, Circular 8, 1934.) C 


locally curiferous, though generally poor, becouse spread 
over large creas. 

The deposits contain quartz gravels and finely 
divided quartz grains; they are closely connected with 
the oldest river-channel deposits; they occur along 
the extreme western foot of the Sierra Nevada. There- 
fore the lone sediments 


...eindicete delta deposits formed at the mouths of many 
westward-flowing streams. Marine fossils in the upper port 
of the lone formation show that they accumulated on the 
shores of an Eocene sea. 


The processes involved in the distribution and 
concentration of gold in the marine strata of both the 
Cretaceous and Eocene formations have never been 
carefully studied. If these marine and delta placer 
deposits have any particular economic Significance, 
it certainly has not been adequately demonsuated. 


PRESERVATION OF PLACERS 


Placers are preserved if something keeps them 
from being eroded away. Since streams are continually 
chaneing their positions, fragments of their deposits 
are often left isolated. In cutting a deeper channel, 
stream leaves ‘benches’ or ‘terraces’ at different 
tervals along its valley sides; but erosion tends ‘w 
destroy them, unless they are protected in some way. 


Burial is the most effective ray in which a placer 
may be preserved. The name ‘buried channel’ has 
often been restricted to streams covered deeply by 


lavas, mud-flows, ash-falls, etc., all of which were 
very common during the Tertiary period in the Sierra 
Nevada. There are, however, other means by which 
burial may be effected. 


1. By covering with landslide material. (An example 
occurs in Canyon Creek, Trinity County.) 

2. By covering with gravel, caused by the faulting-down 
of a part of the river system. (Examples cre believed 
to occur along the Klamath, Trinity, and some of the 
larger rivers of the Sierra Nevada.) 
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3. By covering with loke deposits. (Many of the buried 
Tertiary channels were covered first by lake sedi- 


ments called ‘pipe-ciay’, before lava or mudflows 
poured over them.) 

4. By covering with gravels when the stream is choked. 
(Examples are common along stream systems.) 

5. By covering with gravel when the stream course is 
lowered below the general base-level of erosion. 
(Examples of this case are found along the western 
foot of the Sierra Nevada.) 

6. By covering of the bedrock surface of down-faulted 
blocks, graben, by sediments of verious sorts. (Many 
examples, especially in the Great Basin and Mojave 


Desert regions.) 
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Diagram showing a down-dropped fault block (graben) 
between two uplifted fault blocks. Erosion covers the 
one with materials derived from the others. Streams cut in 
bedrock prior to faulting may thus be buried under the 
alluvium of the graben. (After Davis, State Mineralogist’s 
Report XX!X.) 





7. By covering of older stream courses with alluvial fan 
material, as conditions favorable to stream existence 
fail. (Many examples in the Great Basin and Mojove 
Desert regions.) 

8. By covering with glacial till. (Examples may be looked 
for in the glaciated areas of the Sierra Nevada.) 

9. By covering of beach placers with marine sediments 
as the fluctuating coast is submerged, but later 
elevated. (Such es the present elevated beach piacers 
which ere in places covered with other marine sedi- 
ments.) : 

10. By covering of one geologic formation with another, 
through the processes of earth deformation and thrust 
faulting. (In a geologically active region such as 


California, examples of this case might very well be 
found.) 

11. By submergence of river canyons to great depth be- 
neath the ocean. (Off the coast of California many 
submerine channels have been discovered and mapped 
by the U.S. Coast and Geodetic Survey.) 


To find gold-bearing stream channels, buried and 
preserved in such a manner that they may be profitably 
mined, is the challenge to the exploration geologist. 


MODIFICATION OF PLACER DEPOSITS 


Placer deposits may be greatly modified in form 
and structure by earth deformation. The gravel con- 
tent may also become firmly cemented by interstitial 
deposition of mineral matter, such as by lime and 
iron carbonate, or silica, through the action of infil- 
trating solutions. The older the placer, the more apt 
it is to have been modified in these ways from its 
original form and attitude. 

The regional tilt of the Sierra Nevada has in- 
creased the gradient of the Tertiary channels (where 
they lie in the direction of the tilt) from 20 or 30 feet 
to the mile to twice, three times, or even several 
times that amount. Locally, tilting has been even 
greater. In places where the ancient channels lie in 
opposite direction to the tilt the original gradient may 
have been reversed. Often steep tlting is accom- 
panied by local faulting of a few feet to several 
hundred feet. Generally the down-throw is on the 
east side of the fault plane. In form, this is a replica 
of the action which took place and still is taking 
place along the eastemm escarpment of the Sierra 
Nevada. Such displacements and changes in channel- 
gradient as well as in actual position of the channel, 
are important factors which greatly influence mining 
procedure. They should be understood so far as sur- 
face data will permit, before actual mining is started 
in a given area. 

In the Mojave Desert and Great Basin region, 
faulting and tilting have been extremely active, 
greatly affecting streams antedating late Tertiary and 


early Quaternary periods. 

The flow of ground water through stream gravels, 
the former channels of which have been blocked, cut 
off, tilted, or folded by earth movements, is a factor 
of considerable consequence when it comes to mining 
such placers. 


GOLD IN PLACERS 
Original Source of Gold 


The particles of gold found in placers originally 
came from veins and other mineralized zones in bed- 
rock, from which they were released through Surface 
weathering and disintegration of the rock matrix. 
Though the original source may not in every case 
have been a deposit which could today be mined at a 
profit, the richer placers usually indicate a compara- 
tively rich source. A long period of deep weathering, 
resulting in separation and release of large quantities 
of gold from the bedrock, followed by a more active 
period of erosion, generally due to uplift, is an ideal 
condition for gold to be swept into stream channels 
and there to be concentrated into rich placers. Still 
richer deposits may be formed through reconcen- 
tration from older gold-bearing gravels. 

These are the most important geologic conditions 
which have been found to exist in the various gold 
belts of the world, and particularly in the Sierra 
Nevada of California. 


For the most part, the original source of gold is 
not far from the place where it was first deposited 
after being carried by running water. This is certain- 
ly true in both the Sierra Nevada and Klamath Moun- 
tains. The streams, flowing through regions of meta- 
morphic and intrusive igneous rocks threaded through- 
out by gold-bearing veims, were found by early miners 
to contain auriferous gravels. But the more recent 
streams which have had only barren lavas to pass 
over, as in the volcanic covered area between the 
Sierra and Klamath regions, have proved to be barren. 

To quote Lindgren (Mineral Deposits) again: 


The great majority of gold placers hove beenderived 
from the weathering and disintegration of auriferous veins, 
lodes, shear zones, or more irregular replacement de- 
posits.... In mony regions the rocks contain abundont 
joints, seams, or small veins in which the gold has been 
deposited with quartz.... It is often stated that gold is 
distributed as fine particles in schists and massive rocks 
and thet placer gold in certain districts is derived from 
this source. Most of these statements are not supported by 
evidence, though it is not denied that gold may in rare 
instances be distributed in this manner. 
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Relecse of Gold from Bedrock 

Without some widespread process of release od 
the quartz veins and rocks — vaults in which the met- 
al was originally firmly held—gold particles could 
not have escaped to be transported as such by mn- 
ning water. Therefore, extensive rock weathering 
and decay over a long period of time is a primary 
factor of extreme importance. It has permitted the 
original source to contribute gold particies, large 
and small, to placer accumulations. The same geo- 
logic processes which form residual and eluvial or 
‘hillside’ concentrations of commercial merit operate 
in the general release of gold from bedrock. 

The factors of prime importance in weathering are 
solution, changes of temperature, depth of water- 
table and therefore depth of oxidation, action of rain, 
effect of gravity, growth of vegetation, nature and 
composition of material acted upon, and degree of 
topographic relief. Rock weathering, especially 
complete disintegration down to the water-table, 
rather than deep disintegration, is often more fa- 
vored by tropical climates. This, however, is only 
one factor, and large areas of deep secular weather- 
ing are found in the north, in such places as Alaska, 
where placers are abundant. 

The processes which take place in the Jbarai Ae 
of gold from bedrock are described in detail by A.H. 
Brooks, who says, in his article on the gold placers 
of the Seward Peninsula (U.S. Geological Survey 
Bulletin 328, pp. 125-127): 


The breaking down of the rock and the accomponying 
chemical changes of the constituent materials set free the 


gold, one of the relatively indestructible minerals, and 
this becomes intermingled with the other insoluble material. 
Clay dominates in the residual mass, but if the parent 
rock contained quartz, this, too, usually remains, being 
probably the most refractory of all the common minerals 
toward purely chemical agencies. Mineralized vein quartz 
very commonly carries easily decomposed minerals, such 
es pyrites, and is therefore readily broken up, allowing the 
insoluble ingredients of the ore body, such as gold, to be 
set free. This process is hastened by purely physical 
agencies, such as frost and changes of temperature, which 
break up the insoluble rock constituents.... 


As a rule, the changes in o rock mass brought cbout 
by weathering result in o very material reduction in its 
bulk. The loss of material by weathering among siliceous 
crystalline rocks, according to Merrill, amounts to more 
then 50 per cent, and in the purer forms of limestone it may 
reach as high as 99 per cent. Pumpelly [American Journol 
of Science 3rd Series, vol. 17, p. 1361] has estimated ¢, 
in the limestone areas of the Ozark Mountains the resi 
moterial represents only from 2109 per cent of the original 
rock mass. Such reductions in volume necessarily result in 


more or less concentration of any insoluble. material that 
may have been disseminated in the parent rock. This con- 
centration will be materially greater in the case of sub- 
stances 2f high specific gravity, such as gold, than in 
that of the lighter minerals, for the former will have a 
constant tendency to settle to the bottom of the loose 
material. On declivities gravity will accelerate the process 
and help to sort the material, producing in some places a 
rough stratification. This is a secular process and will 
proceed as long as the rocks continue to disintegrate.... 


It is evident that the effectiveness of all these 
agencies is proportional to the length of time in which 
they are operative. A land mass must remain stable rela- 
tive to sea level for a long period of time to permit the 
accumulation of any considerable amount of residual mate- 
rial. Uplifts bring about renewed activities of the water- 
courses, and the residual mantle is quickly removed by 
erosion. It is evident that the conditions that are most 
favorable to the accumulation of residual’ material are 
those in which the land mass is at or near base-level 
when erosion is reduced to a minimum. 


It seems that topographic and climatic conditions 
which existed during the Eocene period in the Sierra 
Nevada were very favorable for the release of gold. 
Rejuvenated drainage at the close of the period 
swept the immense quantities of gold, freed from the 
enclosing hard matrix, into the early Tertiary stream 
channels; and these, soon after, became buried and 
preserved by lake sediments, masses of gravel, 
cobble-wash, volcanic ash, breccia, and lava flows. 


Associated Minerals 

Mineral grains that are very heavy and resistant to 
mechanical and chemical destruction accompany the 
gold in placers. The so-called ‘black sands,’ generally 
made up principally of magnetite, are well known to 
the miner. A long list of the minerals found in sluice- 
box concentrates is recorded by the United States 
Bureau of Mines (Information Circular 6786). Besides 
magnetite, there are found titanium minerals (ilmenite 
and rutile), garnet, zircon, hematite, chromite, oli- 
vine, epidote, pyrite, monazite, limonite, platinum, 
osmiridium, cinnabar, tungsten minerals (wolframite 
and scheelite), cassiterite, corundum, diamonds, 
galena, as well as quicksilver, amalgam, metallic 
copper, bird-shot, bullets, hobnails, penknives, 
watches, and nails. 


Buried deeply in the gravels of the modern Feather 
River was once found (and someone thought it was an 
ancient fossil) the remains of a mule’s hind leg with 
hoof and iron shoe nailed to it. What may be found in 
some of the placers of today may not, therefore, be 
representative of what was deposited by the more 
ancient streams. 
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Sketch map of an early Tertiary channel and its delta in 
the Eocene (lone) sea. The crosses indicate where the 
gold has been mined in the channel—on a bend in the 
stream, and at the point where a tributary entered. Finely 
divided gold particles occur interbedded in lenses of 
quartz pebbles and sand lying above clay layers (‘false 
bedrock’). 


The presence of quantities of magnetite associated 
with extremely fine gold particles, makes a difficult 
metallurgical problem. To the geophysicist, however, 
the presence of any minerals having a strong effect 
on the magnetometer is a godsend to effective ex- 
ploration. 

The determination of heavy minerals and their ap- 
proximate relative percentages has been extensively 
used in subsurface correlation of sedimentary beds 
in the oil fields. The same method of research could 
well be applied to the tracing of channels. Though it 
has not yet been given consideration in California, 


this interesting field is open for study with a weil- 
developed technique available. 


The source of the minerals deposited and associ- 
ated with the gold particles lies in the rocks over 
which the stream has flowed. The source of chromite, 
platinum, and diamonds is generally attributed to 
belts of serpentine and related ultrabasic igneous 
rocks, while garnet, ilmenite and magnetite might 
come from metamorphic rocks, and monazite, zircon, 
cassiterite, wolframite, and scheelite would probably 
have their source in granite pegmatites. 
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Transportation, Deposition, and Retention 


The proccesses of transportation and deposition 
of gold in a stream are aptly stated by Mr. Brooks 
(p. 128): 


The transporting power of a stream is dependent on its 
velocity, which is o variant determined by the gradient, 
volume end load. When o stream is overloaded with sedi- 
ment, the excess is dropped. When it is underloaded, it 
erodes. When equilibrium hos been established, neither 
erosion nor deposition takes place. Gradient, volume and 
loed usually vary in the same stream so that deposition 
moy be going on in one port of its valley and erosion in 
cnother. When a stream is eroding, the material within 
reach of its activity is constantly moved in co downstream 
direction. All movements of this kind are accomplished by 
more or less sorting and moke for the concentration of the 
heavier particles. 

Deposition takes place in o stream when the velocity 
is decreased, either by the periodic changes in volume or 
by a chonge of gradient. Where there is o change of grode, 
resulting in diminished velocity, the gold is laid down 
with the other sediments. It must be remembered, however, 
that plocer gold may find lodgment in inequalities of the 
bedrock surfece where no considerable deposition of 
detritc! _motter hes taken place, though extensive placers 
are, os o rule, not formed because of irregularities in the 
bed-rock surface alone. The concentration of gold in 
river bers is analogous to its deposition in stream beds, 
for it is dropped where the velocity of the current is 
checked by the formation of eddies, due to the inequalities 
of the river floor. 


A further study of this subject is made herein in 
connection with the more detailed analysis of stream 
action. 


When the bed of a stream is the actual rock floor 
of the valley, it is called ‘bedrock’ in the true sense 
of the word. Later in its history the steam may flow 
on an aggraded bed of gravel or other sediment. If 
the stream gravels become covered with volcanic or 
other materials, the stream is obliged to flow over 
this new cover, called ‘false bedrock.’ Gold particles 
are normally deposited on or near the bed of the stream, 
which is called ‘bedrock’ or ‘false bedrock’ according 
to whether the bed is the true hard rock floor of the 
valley or whether it is a superficial layer of clay, 
volcanic tuff, or some such impervious material over- 
lying previously deposited gravel. It is readily sur- 
mised, therefore, that there may be two or more tiers 
of gold-bearing stream channels, but the upper ones 
do not necessarily lie directly above the older and 
lower channels, and may not follow the direction of 
their courses at all. If the stream cuts clear down to 
the true bedrock, remnants of the older channels will 
lie at relatively higher positions instead of at lower 
horizons. In some cases, where gravel is deposited 
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where gold particles ore most likely to become concentrated. 


(After Spurr, U.S.G.S., 18th An. Rept. 1898.) 


deeply on bedrock, forming a new agegraded bed, re- 
juvenation of the stream will stir up the entire mass 
of gravels, including the gold-bearing layer deposited 
on top, and the final result will be that most of th 
gold particles will. reach a position very near 
bedrock. The complexity of the history of these 
processes is apparent; so also are the difficulues 
of the engineer who attempts to do a fair job of 
sampling. 


In excavating for the Boulder Dam a sawed plank 
of lumber was found 60 feet deep, ‘‘lying under gravel 
on the edge of the inner gorge, a place that it could 
not have reached in any imaginable way except by 
burial during some comparatively recent flood.”’ This 


case and many others show that the depth of burial 
by recent rivers does not necessarily mean that a 
great period of time has elapsed for the accumulation 
of the deposit. During high water, the whole mass 
may be stirred up and even boulders floated in the 
soapy mixture of heavy rock debris and water. This 
action gives the gold particles a chance to work their 
way toward the bottom of the mass. 


For thousands of years particles of gold of var- 
ious sizes, from nuggets to flour gold, were dropped 
and lodged in the riffles of bedrock along the natural 
river-sluices of the Sierra Nevada. Flattened par- 
ticles are most easily carried: sometimes, sv~ 
pended by air-films, tiny scales even float 
surface of the water. Extremely fine grains of 
were swept by torrents through the canyons and out 


into the Great Valley. In the present dredging grounds 
where they are found, they have been easily caught 
in false bedrock, which consists of clayey layers of 
volcanic tuff. 

The very high specific gravity of gold, six or 
seven times that of quartz, with the ratio increasing 
to nine times under water, is the primary factor which 
causes this heavy resistant metal eventually to work 
its way to a point where it may sink no farther. Once 
it is caught on bedrock, the stream has great diffi- 
culty in picking it up again. 

When a stream leaves its mountain canyon and 
enters a more level country or a still body of water, 
the materials carried by that stream are deposited in 
the form of a fan or delta. At the apex of this fanor 
delta fine gold may be deposited, and may never 
reach bedrock. It may be deposited on top of clayey, 
‘false bedrock’ layers. The stirring action found to 
occur in rugged mountainous canyons during times of 
floods, which permits gold to reach bedrock, does not 
take place in the delta. 

By an odd paradox [stated Dr. Lindgren], gold is at the 
same time the easiest and most difficult mineral to recover. 
Itis divisible to a high degree and owing to its insolubility 
the finest particles are preserved. A piece of gold worth 
one cent is without trouble divisible into 2000 parts, and 
one of these minute particles can readily be recognized in 
a pan. 

Although gold is very malleable, and may be ham- 
mered into different shapes by stones hitting it as 
they tumble along in the stream, different particles 
are not welded together to form larger nuggets, as 
some people are prone to believe. Lindgren has shown 
that the largest masses of gold have come from 
lodes, not placers. Particles of gold may be broken 
down, however, from another piece. The more rounded 
or flattened nuggets have probably gone through more 
knocking about than the rougher pieces. These show- 
ing the original crystalline forms have probably not 
traveled far in the ‘free’ state. 

It is also found that the more ancient placers, and 
those which have undergone many reconcentrations, 
contain gold of a higher degree of fineness than 
those whose source is near by, or in which the gold 
has not been deposited for such a long period of 
time. This may be due to the removal of alloyed 
silver by the dissolving action of surface waters. 

The solution and reprecipitation of gold in the 
gravels is shown to be exceedingly rare or non- 
existent, commercially. On the other hand, in some 
of the Tertiary channels, thin crusts of pyrite or 
marcasite are found deposited on the surface of the 
gold particles themselves. 





A. Diagrammatic cross-section showing the four principal 
epochs of Tertiary gravel deposition in the Sierra 
Nevada. The deep gravels a represent Eocene; 6 to d 


are successively younger and probably represent 
Miocene stages for the mosi part. The rhyolite period 
is represented by ¢ and the andesite by d. 


B. Diagram showing deposits in the Deep Blue lead, 


Placerville. The older channel and benches of the 
inter-rhyolitic epoch are represented by a; rhyolite 
tuff, b; andesite cobble, c; andesite tuff-breccia, d. 


Lindgren, U.S.G.S., P.P. 73.) 


Diagram showing the 
place ef greatest 

A erosion on the bend 
of a river. 


Diagram to show posi- 
tions of pressure and 
suction eddies in a 
river. Geld is more 
likely to be deposited 
in the suction eddy 
than in the pressure 


eddy. 








Diagram to show how c 
a suction eddy is 
formed in a_e—river. 
(After Thomas and 
Watt, see Ries and 
Watson, Eng. Geol.) 
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Ideal vertical section of a delta, showing the typical 
succession of strata: (A) topset, (B) foreset, and (C) 
bottomset, beds. (After Gilbert, U.S.G.S., 5th An. Rept., 
1883.) 


Faetors of Concentration 


A placer worthy of mining is like any other com- 
mercial mineral deposit in that it is a special case of 
concentration due to several combining natural proc- 
esses which were all in favor of the accumulationof 
the one desired mineral. Sourcé, release, transporta- 
tion, deposition, reconcentration, and retention of the 
gold have already been discussed. Three extremely 
important factors are: (1) Seructural control of the 
stream pattern, so that the streams run along the 
course of the zones of mineralization; (2) Decay and 
disintegration at the surface of the mineralized rocks 
prior to erosion; (3) A change in the cycle of erosion, 


causing rejuvenated flow of streams and the rapid . 


washing of the released gold into stream channels. 


Accumuletion of gold in an important placer deposit is 
rarely a mere coincidence; it is rother the fortuitous con- 
currence of several favorable factors. In regions where 
nature hes bestowed the advantages of extensive miner- 
alization, rapid rock decay, and well-developed stream 
patterns, o relatively large amount of gold placer may be 
formed. But even in this ideol case, the favorableness of 
these several important factors must be assumed. 

The general considerations which favor the occumulo- 
tion of gold in special locations hove been frequently 
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discussed. Physically, the phenomenon is simple; in sug 
loections where the gold has been deposited, the ol 
porting power of the stream has become insufficient to 
corry away the particles of gold that hove settied. The 
richness of the deposit will therefore depend not only upon 
the completeness of this loss of transporting power, and 
on the ability of the bedrock to hold the deposited gold at 
this point, but also, most importantly, on the general relo- 
tionship of the gold sources to the stream. The early 
miners untiringly sought the ‘ledge’ or ‘mother lode’ which 
furnished certain rich plocers. However, with the presence 
of mineralized zones os o source of the gold, the richness 
of a placer is perhaps due more to the efficiency of the 
stream as c concentrating device than to its uncovering 
rich lode deposits. 


The ability of o stream to transport materials is essen- 
tially dependent upon the velocity of the water and the 
oreo and specific gravity of the particles of material being 
carried. The transporting power of water varies approxi- 
motely as the sixth power of the velocity. This means thet 
even small velocity changes have on enormous effect upon 
transporting power, ranging rother abruptly from velocities 
which can not transport an appreciable amount of gold to 
those which easily transport much of the gold that may 
enter the stream or be released from the gravels therein. 
The velocity of water is a complex relationship of grade, 
shape, and size of the channel, quantity of water, and 
other fectors. A grade ranging from 30 to approximately 
100 ft. per mile will favor the deposition of gold. Wit 
eppropriate conditions of flow, these limits may be so 
whet increased or reduced without serious handicap. W 
considering the grades of the ancient channels, however, 
one must remember that faulting and regional tilt often 
have considerably modified the original grade. 


For the richest accumulations, the erosional conditions 
must be well balanced, so as to provide a long period of 
concentration. Slight uplifts tend to rework and further en- 
rich placer deposits, as do increased volumes of water, in- 
asmuch as both of these factors tend to increase the veloc- 
ity. Local verictions in the -shape of the channels are of 
most interest, however, because they are immediately 
responsible for specific deposits of placer gold. Whena 
stream canyon widens out, deepens, turns, or joins another 
watercourse, certain zones of concentration will be formed 
where the water velocities have been somewhat reduced 
and where eddy currents occur. These reductions in veloc- 
ity immediately allow gold and heavy mineral particles to 
seporate from the mass of gravel that is being corried ond 
rolled down the canyon. Gold has a specific gravity of 
approximately six times that of the grovel, but under water 
this ratio becomes about nine times. This large gravity dif- 
ference permits the gold quickly to work its way to bed- 
rock ond into ony crevices therein. Here it remains, re- 
quiring excessive erosion to remove it to new locations. 

In order that a major deposition of gold may occur, there 
must be an abundance of source material which contains 
more or less gold and which may be more or less easily 
eroded. A decayed formation of low-grade material cop’ ’ 
easily furnish more gold than a hard, higher-grade sen 
The decomposed materia! also supplies more gravel td. 
belanced conditions of stream transportation, providing 


that overloading or choking is minimized by uplifts or in- 
creasing water volumes. Plainly, a stream running along a 
vein system will have a greater opportunity to accumulate 


Bedrock-controlled 
streams, therefore, provide a maximum contact with source 
material. 


gold than one merely crossing it. 


A further and very important factor is the ability of bed- 
rock to hold the deposited gold in spite of the scouring 
action of the stream at higher water stages. A smooth, hard 
bedrock is a very poor one for placer accumulations. Bed- 
rock formations which are decomposed or possess cracks 
and crevices are good, and those of a clayey or of a 
schistose nature are excellent in their ability to retain 
particles of gold. 

Gold tends to resist most stream transportation. Coarser 
gold will migrate downstream an amazingly short distance 
from its apparent source throughout a long erosion period. 
The fine gold, which the stream can transport, is dropped 
rather completely within a restricted area at the mouth of 
the stream canyon. 





Ideal cross-section of a delta, showing (A) topset, (B) 
foreset, and (C) bottomset, beds. (After Gilbert, U.S.G.S. 
5th An. Rept. 1883.) 


AGE OF PLACERS 


Significance 

The geologic age of a placer deposit is often a 
factor of primary economic interest. In the Sierra 
Nevada, the oldest system of Tertiary channels has 
proved to be the richest, for it was formed prior to the 
extensive volcanic activity which resulted in the 
covering of the mineralized bedrock surfaces as well 
as the valleys in which gold-bearing streams flowed. 
These streams, which cut directly through the miner- 
alized zones, had an ideal opportunity to tap the 
primary gold resources of the region, while those 
which flowed only over a barren volcanic cover re- 
mained themselves barren of gold. In the region of 
the buried channels of the Sierra Nevada, many stream 
deposits of different periods are now found inter- 
mingled. To decipher their history and relative age 
is an essential part of the exploration geologist’s 
work, in his search for the channels of greatest 
possible economic consequence. 


Structural Criteria 


Various criteria are used in determining the rela- 
tive age of stream deposits, but the most positive 
evidence is structural relationship. For example, the 
cutting channel is younger than the channel which ir 
cuts. 

The deepest channel is not necessarily the oldest 
mor yet the youngest. In the case of the modem can- 
yons of the Sierra—the youngest are .the deepest; yet 
along the western foot of the range the present 
streams flow over older channels buried beneath: 
Where a canyon is filled with detritus or with lava, 
the newer stream flows on top of the deposit and is 
therefore higher than the old stream-bed beneath, 
while still more ancient stream terraces or benches 


may lie at higher and varying elevations on either 
side of the canyon. Some benches, representing form- 
er streams, may have even been left prior to a lava 
flow covering the deepest channel, while other 
benches may have been left later. 

It is apparent, therefore, that the subjects of 
historical sequence and relative age are matters of 
detailed geologic and physiographic study which 
deserve more than mere superficial examination. They 
cannot be classified by dogmatic rules. 


Paleontologic Criteria 


In order to assign definite geologic periods to the 
deposits of ancient streams, their age should be re- 
lated in some way w the well-established epochs of 
regional geologic history. Fossils, diagnostic in 
determination of geologic periods, if found in the 
stream deposits, are of inestimable value in this 
regard. 

In the Sierra Nevada, parts of fossil plants con- 
sisting of leaves, logs, etc., have been extensively 
collected and determined by paleobotanists. Also, 
some vertebrate bones have been sent from the old 
drift mines to the Smithsonian Institution and else- 
where for scientific study. . 

Geologic periods the world over have been estab- 
lished largely on their marine fauna rather than their 
continental flora or fauna. For instance, marine beds 
of the Ione formation contain fossil sea-shells defi- 
nitely assigned by paleontologists to the Eocene, or 
earliest Tertiary period. The fossils found in the 
sediments filling the Tertiary valleys of the Sierra 
are not, however, marine, but are of ancient lands and 
lakes. Correlation of geologic age by means of these 
land plants and land animals brings in complications 
that have not yet permitted the two bases of criteria, 
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marine and nonmarine, to be perfectly coordinated. 
Besides, most of the fossil leaves occur in tuffa- 
ceous lake beds that overlie the gold-bearing quartz- 
gravel deposits, and therefore do not give much direct 
evidence as to the age of the latter. Fossil wood, so 
common in the most ancient of the gold-bearing grav- 
els is not as yet determinable nor diagnostic. In most 
cases it represents unstudied tropical forms which 
have been placed in the Eocene by paleobotanists 
because of the known climate of that period. The 


older gravel containing this fossil wood has previ- 
ously been referred to the Cretaceous. In the Smarts- 
ville quadrangle, for example, a deposit containing 
petrified logs of probable Eocene age is described by 
Lindgren as follows: 

The high, isolated area of well-washed gravel 3 miles 
north-northwest of Montezumo Hill is noteworthy; it is so 
much higher than the adjacent grave! channel of North San 
Juan that it must be assumed to belong to an earlier period; 
very likely it is of Cretaceous age. 

It is a fact, however, that no fossils indicating a 
Cretaceous age have yet been found.in these older 
gravels. Wherever definite marine Cretaceous beds do 
occur on the western foot of the Sierra Nevada the 
oldest stream channels of the vicinity are found to 
cut the Mesozoic sediments, showing a profound 
difference in age between the two. 

R.W. Chaney has summarized the results of paleo- 
botanical study of the fossil plants found in the 
Sierra Nevada as follows: 

The tuffs and shales in which fossil plants occur inter- 
‘bedded in the Auriferous Gravels range in age from lower- 
most Eocene to upper Miocene. During this time there was 
a climatic trend from subtropical to temperate conditions, 
which resulted in the elimination of palms and other large- 
leafed species and the incoming of types of plants simi- 
lar, in general, to those now living in North America. The 
Miocene flora indiceting a temperate climate, includes 
genera no longer living in western America, although they 
occur in eastern America ond eastern Asia. The evidences 
of difference in living conditions in the Eocene and the 
Miocene make it possible readily to differentiate between 
the older and the younger floras of the Auriferous Groveis. 

Most of the fossil vertebrate bones described from 
the drift mines of the Sierra Nevada have been col- 
lected and sent in to paleontologists by persons who 
did not record their definite location, so that the ex- 
act geologic formations in which the fossils were em- 
bedded are unknown. 

The paleontologist who works with vertebrate 
remains is not always apt to apply the same age to 
beds as that which has been assigned them by the 
paleobotanist; generally the former assigns a younger 
age. Many of the well-established Sierran Tertiary as 
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well as later beds containing vertebrate bones “@ 
once given the blanket designation of Pleistocene. 


Physiographic Criteria 

Age correlation has sometimes been done purely 
on physiographic evidence. F.E. Matthes assigns 
Eocene , Miocene, Pliocene, and Quaternary times of 
uplifts to the various old surfaces found in the Yo- 
semite region, tying in the Miocene surface correla- 
tion with geologic features of a fossil leaf locality 
occurring in the Tuolumne Table Mountain region. 
The fact that old surfaces have been resurrected 
during the Pleistocene has only recently [1934] been 
given consideration. 

Quaternary erosion resulting in the uncovering of Ter- 
tiory volcanic ash and the resurrection of early Tertiary 
surfaces, formerly cut into pre-Cretaceous bedrock along 
the western flank of the Sierra Nevada, is a widespread 
geologic process which hes heretofore not received the 
recognition it deserves. The process involves feotures of 
vast economic concern. One key locality for this study is 
in the region of Table Mountain, Tuolumne end Calaveras 
counties, California, where o very resistant late Tertiary 
latite flow has served the purpose of preserving not only 
fragments of earlier and less resistant geologic bodies 
consisting of volcanic materials, mud-flows, lake beds, 
ond stream gravels of different ages, but also the under- 
lying bed-rock surfaces of earlier Tertiary age. The 
encient surfoces, the topography of which appeors to hove 
been controlled by bedrock structure, may be found in 
various stoges of resurrection. In this area, the gold- 
bearing gravels were mined in ancient chennels that ran in 
directions opposite or at an angle to the Table Mountain 
Channel; the latter apporently never contained any appre- 
ciable amount of gold-bearing gravel, contrary to the com- 
mon belief. Though unmantied and dissected through Pleis- 
tocene and Recent epochs fragments of upland peneplained 
bedrock ond in places gravel-covered surfaces are actually 
early Tertiary land forms, which hove been brought to 
light after having been buried throughout later Tertiary 
volcanic epochs : 


Lithologic Criteria 

The nature and composition of the material filling 
the ancient channels and valleys also indicate to 
what geologic period a deposit may belong. Gold- 
bearing gravels, composed purely of sand and quartz- 
pebbles, or of the bedrock complex, indicate that the 
channel is of the pre-volcanic period possibly Eocene 
in age. Most of the rhyolites were apparently formed 
during the latter part of this period and in the Oligo- 
cene. The most abundant of the volcanic rocks are 
composed of andesites, which seem to be largely of 
late Miocene or early Pliocene age. During the late 
Pliocene and early Pleistocene there were m 
basalt flows. Tuolumne Table Mountain 1s composé 
of latite, probably of late Pliocene age. 


In the Recent epoch much pumice has been ex- 
pelled from craters and blown over various parts of 


the Sierra Nevada. 
Streams may always be considered younger than 


the rocks from which their gravel has been derived, 
though mudflows may receive their materials from 


active volcanoes. There is here an opportunity for a 
petrographic study of both volcanic rocks and the 


materials of the sediments. Special detailed analysis 
of stream correlation might be performed by means of 
the method known as “‘heavy mineral separation,’’ 
previously mentioned as widely employed in petroleum 
geology. 
LIFE HISTORY AND HABIT OF STREAMS 
Need for Scientific Background 

Exploration of placers and various ancient stream 
channels requires an understanding of the habits and 
life history of streams in general. This includes, on 
the one hand, processes of erosion and deposition, 
and on the other, physiographic history. Each is im- 
portant; the first, more directly, while the second has 
to do with regional features, knowledge of which is 
essential to the exploration geologist. The funda- 
mental science of streams was outlined in 1877 in a 
simple yet splendid manner by G.K. Gilbert. in his 
masterpiece on the Henry Mountains, Utah. 

Such natural processes as those related to streams 
are so universal that a study of them in one part of 
the world may be applied to conditions found in an- 
other. Similarly, an understanding of the ancient 
Tertiary streams of the Sierra may be gained by ap- 
plying the knowledge of processes found in operation 
today where conditions and environments would 
appear similar. 

In a province, such as the Sierra Nevada, where 
the development of the drainage system has been 
repeatedly interrupted by earth movements or by 
burial as a result of volcanic mud washes and lava 
flows, the history of the stream of any one chrono- 
logical horizon is a separate entity, and may be 
entirely different in form and pattern from either 
earlier or subsequent systems. This fact, together 
with the complexity of any one system presents a 
problem much involved. 

The need for a scientific background in the study 
of streams is therefore apparent. The more pertinent 
features of this study, together with its terminology, 


are outlined here. 
Stream Erosion 


Stream or fluvial erosion is complex. It may be 
divided into the several processes, hydraulic action, 
abrasion, solution, and transportation. A brief state- 
ment of the essential factors which control erosion is 


quoted from an authoritative textbook * as follows: 


The capacity of a stream to erode, depends on its vol- 
ume and velocity. The velocity in turn depends on (1) the 
slope down which the stream is flowing, (2) volume of 
water, (3) the shape of its channel, and (4) weight and 
volume of its load. 

The rate of descent of the bed of a stream is the stream 
gradient. |t is ordinarily expressed as so many feet per 
mile. The gradient changes from place to place along the . 
course of the stream. Velocity increases rapidly with in- 
crease of gradient. Thus mountain streams with high gra- 
dients erode their valleys much more quickly than lowland 
streams of comparable size with low gradients. It follows 
that streams wear high gradients down to low ones by 
continued erosion, and that as the gradients are worn down 
the rate of erosion must decrease. 

The volume of water is a variable factor in all streams, 
largely because of fluctuations in rainfall. Velacity and 
rate of erosion in any stream are therefore always chang- 
ing. As a rule, these changes are too slight to be readily 
noticeable, but in some regions they are great enough to 
cause streams to dry up at certain seasons, and to rise in 
floods at others. In other regions, fluctuations are less 
extreme. Every spring the lower Mississippi has a normal 
rise in water level of 15 to 20 feet. The Nile normally 


rises 24 feet and the Ganges 32 feet. The erosive effect of 
such floods is considered below. 

The shape of the stream channel as seen in cross- 
section also influences velocity. Since frictionbetween 
water and channel slows a stream down, velocity is greatest 
in channels with the smallest area in proportion to volume 
of water. Deep, narrow channels therefore give greater 
steam velocity than broad, shallow ones. 

A stream continues to acquire a load until it is carrying 
the greatest possible amount permitted by the gradient, 
volume of water, and kind of material available. 


The “laws of erosive power’’ concern both trans- 
portation and abrasive power of the stream. If all the 
fragments of rocks had the same specific gravity, 
then the following definite action would take place. 


If the velocity of a stream be doubled, the diameters of 
rock fragments it can move are increased 4 times. Jn other 
words, the maximum diameter of the individual rock frag- 
ments a stream can move varies as the square of the 
velocity... Calculations have shown that doubling the 
velocity of a stream increases its abrasive power at 
least 4 times, and under certain conditions as much as 64 
times. In other words, abrasive power varies between the 
square and the sixth power of the velocity. 

These laws not only explain the vastly greater erosion 
accomplished by swift streams than by slow ones under 
normal conditions, but they show clearly why exceptional 
floods; greatly increasing velocity by increasing volume, 
have such tremendous destructive power. The volume of 
panes eee ee ee re eee Ee (CFO eee here 

*Longwell, Knopf, and Flint, A Textbook of Geology, 
Part |, Physical Geology: John Wiley & Sons, 1932, pp. 
42-44, 
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the Colorado River measured at Yuma, Arizona, during o 
flood in 1921, wes 155 times its normal volume. Ayain, 
when the St. Francis dom near Los Angeles gove woy in 
1928 and flooded the valley below, huge blocks of con- 
crete weighing up to 10,000 tons each, were moved by the 
escaping water. In India, during the Gohna flood of 1895, 
which lasted just four hours, the water picked up and 
transported such quantities of gravel that through the first 
13 miles of its course the stream mode oa continuous 
gravel deposit from 50 to 234 feet thick. 


Preparation of Material Removed by Erosion 


As previously described, the materials which are 
removed and washed into the streams are first pre- 
pared through weathering processes. Particles are 
loosened from the outcrop by surface disintegration, 
consisting largely of oxidation, hydration, and solu- 
tion. 

Since climatic environments were different in the 
past than they are now, the subject of ancient cli- 
mates is an important problem in its relation to the 
development of ancient stream channels. The study 
of fossils imbedded in the deposits gives the most 
important clue to the nature of ancient climates. The 
condition and composition of the sediments them- 
selves give another. 


Trensportetion 
The subject of river engineering brought forth at 
an early date much definite information as regards 
the carrying power of streams. The following state- 
ment is quoted from David Stevenson: (Principles... 
of canal and river engineering, p. 361). 


The following ore results deducted from experiments... 
on the size of detrital particles which streams flowing 
with different velocities are said to be capable of carrying: 


“~~ 3 in. per sec.—0.170 mile per hour, wil! just begin to 

work on fine clay. cous 

6 in. per sec.—0.340 mile per hour, will lift fine 
send. . 

8 in. per sec.—0.4545 mileperhour, will lift sand as 
coarse as linseed. 

10 in. per sec.—0.5 mile per hour, will lift gravel the 
size of peas. — 

12 in. per sec.—0.6819 mile per hour, will sweep 
along grovel the size of beons. 

24 in. per sec.—1.3638 miles per hour, will roll clong 
rounded pebbles | inch-in diameter. 

3 ft. per sec.—2.045 miles per hour, will sweep ciong 
slippery ongulor stones the size of o 
hen’s egg. 
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The following table is quoted from F.C. cin 
(Engineering Journal, 1932, p. 4) maximum diameters 
of boulders which can be moved in sluices at certain 
velocities: 


Diameter Velocity 
(inches) (feet per second) 
2 : 3.3 
4 5.3 
6 6.2 
8 : 7.4. 
10 8.4 
12 9.1 
16 10.8 
20 11.9 
24 Sa Bey 13.0 
‘same « 8 Pine in ak Bt. wenabece te: oan 33-7 ae 


Transportation is done by the carrying of materials 
in solution, through suspension, and by the process of 
saltation. The materials thus carried are deposited 
by precipitation from solution, sedimentation from 
suspension, and grounding after ‘leaping’ along by 
that process called ‘saltation.’ 

It has been shown by G.K. Gilbert, who carried on 
extensive laboratory experiments with running wate 
that the materials borne in suspension are eas] 
enough sampled and their quantity measured; but the 
*“bed load’? is much less accessible. The load is 
carried forward by sliding or rolling along a smooth 
channel bed, as well as by saltation, which takes 
place when the bed is uneven and causes the particle 
to move irregularly in a series of jumps. 


Gilbert calls the transportation of the bed load 
hydraulic traction in contrast to bydraulic suspen- 
ston. His summary of ‘‘Modes of transportation, 
collective movement’’ is expressed as follows: 


When the conditions are such that the bed load is smoli, 
the bed is molded into hills called dunes, which trove! 
downstream. Their mode of advance is like that of eolion 
dunes, the current eroding their upstream faces ond de- 
positing the eroded material on the downstream faces. With 
ony progressive change of conditions tending to increose 
the load, the dunes eventually disappear and the debris 
surface becomes smooth. The smooth phase is in turn 
succeeded by a second rhythmic phase, in which o system 
of hills travels upstream. These are called antidunes; ond 
their movement is accomplished by erosion on the down- 
stream face. Both rhythms of debris movement ore initi- 
ated by rhythms of water movement. 


In showing how complicated a stream’s action may 


be, Gilbert states: e 
i 


The flow of a stream is oa complex process, involv 
interactions which have thus far baffled mechanical analy- 
sis. Stream traction is not only a funetion of stream flow 


but itself adds a complication. Some realization of the 
complexity may be achieved by considering briefly certain 
of the conditions which modify the capacity of a streamto 
transport debris along its bed. Width is a factor; a broad 
channel carries more than a narrow one. Velocity is a 
factor; the quantity of debris carried varies greatly for 
small changes in the velocity along the bed. Bed velocity 
is affected by slope and also by depth, increasing with 
each factor; and depth is affected by discharge and also 
by slope.. If there is diversity of velocity from place to 
place over the bed, more debris is carried than if the 
average velocity everywhere prevails, and the greater 
the diversity the greater the carrying power of the stream. 
Size of transported particles is a factor, a greater weight 
of fine debris being carried than of coarse. The density of 
debris is a factor, a low specific gravity being favorable. 
The shapes of particles affect traction, but the nature of 
this influence is not well understood. An important factor 
is found in form of channel, efficiency being affected by 
turns and curvature and also by the relation of depth to 
width. The friction between current and banks is a factor 
and therefore likewise the nature of the banks. So, too, is 
the viscosity of the water, a property varying withtempera- 
ture and also with impurities, whether dissolved or sus- 
pended. 

Gilbert classifies streams according to their 
transportational characters: 

The classification of streams here given has no other 
purpose than to afford a terminology convenient to the sub- 
ject of debris transportation. 

When the debris supplied to a stream is less than its 
capacity the stream erodes its bed, and if the condition is 
other than temporary the current reaches bedrock. The 
dragging of the load over the rock wears, or abrades, or 
corrades it. When the supply of debris equals or exceeds 
the capacity of the stream bedrock is not reached by the 
current, but the stream bed is constituted wholly of debris. 
Some streams with beds of debris have channel walls of 
rock, which rigidly limit their width and otherwise restrain 
their development. Most streams with beds of debris have 
one or both banks of previously deposited debris or allu- 
vium, and these streams are able to shift courses by 
eroding their banks. The several conditions thus outlined 
will be indicated by speaking of streams as corroding, or 
rock-walled, or alluvial. In strictness, these terms apply 
to local phases of stream habit rather than to entire 
streams. Most rivers and many creeks are corradingstreams 
in ports of their courses and alluvial in other parts. 

Whenever and wherever a stream’s capacity is over- 
taxed by the supply of debris brought from points above a 
deposit is made, building up the bed. If the supply is less 
than the capacity, and if the bed is of debris, erosion re- 
sults. Through these processes streams adjust their pro- 
files to their supplies of debris. The process of adjustment 
is called gradation; a stream which builds up its bed is 
said to aggrade and one which reduces it is said to de- 
grade. 

An alluvial stream is usually an aggrading stream also; 
and when that is the case it is bordered by an alluvial 
plain called a flood plain, over which the water spreads in 
time of flood. 


If the general slope descended by an alluvial stream is 
relatively steep, its course is relatively direct and the 
bends to right and left are of small angular amount. If the 
general slope is relatively gentle, the stream winds in an 
intricate manner; part of its course may be in directions 
opposite to the general course, and some of its curves may 
swing through 180° or more. This distinction is embodied 
in the terms direct alluvial stream and meandering stream. 
The particular magnitude of general slope by which the 
two classes are separated is greater for small streams 
than for large. Because fineness is one of the conditions 
determining the general slope of an alluvial plain, and be- 
cause the gentler slopes go with the finer alluvium, it is 
true in the main that meandering streams are associated 
with fine alluvium. 


Commenting on the curvature of a channel, which 
greatly complicates the transportation and deposition 
of debris by a stream, Gilbert says: 


In @ straight channel the current is swifter near the mid- 
dle than near the sides and is swifter above mid-depth 
than below. On arriving at a bend the whole stream resists 
change of course, but the resistance is more effective for 
the swifter parts of the stream than for the slower. The 
upper central part is deflected least and projects itself 
against the outer bank. In so doing it displaces the slow- 
flowing water previously neor the bank, and that water de- 
scends obliquely. The descending water displaces in turn 
the slow-flowing lower water, which is crowded toward the 
inner benk, while the water previously near thet bonk 
moves toward the middie as an upper layer. One general re- 
sult is a twisting movement, the upper parts of the current 
tending toward the outer bank and the lower toward the in- 
ner. Another result is that the swiftest current is no longer 
medial, but is near the outer or concave bank. Connected 
with these two is a gradation of velocities across the 
bottom, the greater velocities being near the outer bank. The 
bed velocities near the outer bank are not only much 
greater than those near the inner bank but they are grecter 
than any bed velocities in a relatively straight part of the 
stream. They have therefore greater capacity for traction, 
ond by increasing the tractional lead they erode until on 
equilibrium is attained. On the other hand, the currents 
which, crossing the bed obliquely, approach the inner 
bend are slackening currents, and they deposit what they 
can no longer carry. 

It results that the cross section on a curve is asym- 
metric, the greatest depth being near the outer bank. As 
the winding stream changes the direction of its curvature 
from one side to the other, the twisting system of current 
filaments is reversed, and with it the system of depth, but 
the process of change includes a phase with more equable 
distribution of velocities, and this phase produces a shoal 
separating the two deeps. The shoal does not cross the 
channel in a direction at right angles to its sides but is 
somewhat oblique in position, tending to run from the in- 


ner bank of one curve to the inner bank of the other. In 
meandering streams it is usually narrow and is appropori- 


ately called a bar. In direct alluvial streams, where bends 
are apt to be separated by long, nearly straight reaches, it 
is usually broad ond may for a distance occupy the entire 
width of the channel. 
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Deposition 
The nature of stream or fluvial deposits and their 
detailed structure and texture are described in various 
textbooks, but not with sufficient detail to explain 
all the types of complicated features found in gravel 
deposits, especially complex deposits such as those 
of a mountainous region like the Sierra Nevada. 


The constructive process of fluvial deposition goes for- 
word side by side with fluvial erosion. This is a result of 
the complexity and variability of the stream currents, 
which constantly drop some rock fragments to the bottom 
while they pick up others. When a stream is actively 
eroding its bed ot o certain point, it is merely picking up 
and carrying awoey more rock material than it is depositing 
there, and when it is actively depositing the reverse is 
going on. Therefore whereas fluvial erosion and deposition 
cre processes physically opposed to each other, they can 
be separated in practice only by recognizing the preponder- 
once of one over the other. 


The arrangement of materials deposited in a delta, 
however, is well known, and gives a picture which is 
more or less duplicated whenever the current of a 
stream is checked by a body of standing water and 
the materials transported are permitted to drop. The 
term foreset beds is applied to the deposition on the 
frontal slope of the growing embankment. Bottomset 
beds are of finer grain and are formed by the parti- 
cles carried out beyond the slope and deposited in 
deeper water. Topset beds are composed of the 
materials laid down and spread out on top of the 
other materials by the fluctuating stream. 

The material deposited by a stream is called 
alluvium and makes up fan, floodplain, and delta 
. deposits. The term fanglomerate is used for the 


gravel materials of alluvial fans. 
An alluvial fan is built up at the point of abrupt 


change in gradient of a loaded stream. A floodplain is 
a series of coalescing alluvial flats along a valley. 
A delta is the final deposit by a stream, unloaded as 
it enters a still body of water. 


Overflow of a stream onto its floodplain will 
cause natural levees to be built up as low ridges 
bordering the channel. Lateral swinging of a stream 
Causes cutting on the outer sides of the curves and 
deposition on the inside, which results in the wid- 
ening of the valley. A meandering stream may de- 
velop to the point of straightening itself in places by 
che cutting off and silting up of the meanders, form- 
ing oxbow lakes as a result. A stream which forms a 
complex interlocking network on its floodplain typi- 
fies anastomotic drainage. An overloaded stream on a 


low gradient, becoming choked, and constantly obliged 
to cut new channels, develops an intricate network 


on a floodplain; the process is termed braiding. 
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If the stream is rejuvenated and therefore “@ 
deeper, floodplain terraces or benches are form 


The benches may, however, be cut and left in the 
bedrock and covered with only a film of gravel on the 
surface. 

Streams composed entirely of thick mud, called 
mudflows, are akin to landslides. 


Another normal though infrequently. operative process in 
arid regions is the mudflow. It occurs only where fine rock 
material becomes water-soaked on steep slopes after heavy 
rains, ond moves downward as oa slippery mass..../t ad- 
vances in woves, stopping when it becomes too viscous to 
flow and damming the water behind it until it liquefies ond 
again proceeds like an advancing flow of lava. Mudflows 
con carry boulders many feet in diameter. Observers hove 
seen these grect rocks bobbing ‘like corks in a surf.’ Suc- 
cessive mudflows play a part in the building of fens. 
(Longwell, Knopf, and Flint, pp-78.) 


The transporting power of mudflows, their various 
peculiarities, and the resultant unsorted deposits 
have many characteristics much like those of glacial 
deposits and have frequently deceived engineers. 

The distinguishing characters of glacial deposits 
are clearly summarized by Eliot Blackwelder, who 
has made a special study of them: 

The deposits left by glaciers should be distinguished 
from those made by streams, lakes and other agencies. 

The ice tongue of a glocier leaves only one mm | 
deposit called till. It is wholly unstratified and its com- 
ponents are quite unsorted—a jumbled orderless mass of 
cley, send, ond boulders. Blocks three to five feet in 
diometer are common and those 25 feet or more ore not 
rore. In general, the size of such boulders depends upon 
the spacing of the joint-cracks in the rocks of the moun- 
tain sides. Usually till is an earthy mass well sprinkled 
with stones and boulders but in some cases the boulders 
predominate. This is particularly true of the deposits of 
small glaciers which have done little more than sweep the ~ 
coorse talus from the valley stopes. The stones in till may 
be of any shape from well-rounded to angulor but many 
hove the corners and edges rounded. It is usual to find 
some that hove been bevelled by being rasped along the 
bottom of the glacier. Hard rocks may thus be well polished. 
Such stones, like the bedrock, ore covered with scratches 
which ore easily recognized. 

It is often difficult to identify till, especially if it hes 
been much decoyed or eroded or is poorly exposed. It may 
then be confused with other bouldery deposits which ore 
unstratified. From volcanic mudflow deposits, such as 
abound in the Miocene beds on the Sierra Nevada flanks, 
till may often be distinguished by its containing large 
quantities of nonvolcanic rocks. Even this criterion fails 
where glaciers occupied volcanic mountains such as Mts. 
Shasta and Rainier. Ordinary mudflow deposits are seldom 
as thick as glacial moraines ond ore generally interbedded 
with typical stream gravel and sand, as in the allug-' 
fans of the arid regions. Unless the surface topograpigay 
still preserved or unless one finds plenty of scretcnes 
stones, it may be almost impossible to distinguish till 
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from landslide dumps. In many cases no one type of evi- 
dence can be relied on, but one must study all the facts 
and weigh the importance of each. 

The rivers which issue from glaciers deposit coarse 
gravel, then fine gravel, and finally sand as the current 
weakens near the edge of the mountains. These three 
grades of detritus are more or less interbedded, because 
variations in the river’s power occur from time to time at a 
given place. Like river deposits in general, those of 
glacial streams are distinctly stratified, though usually 
cross-bedded. They are fairly well sorted into separate 
layers of sand and gravel of various sizes. The pebbles 
are normally well rounded and very rarely either faceted or 
scratched. Angular stones are rare. Although small boul- 
ders are carried by ice cakes and become stranded in the 
glacial river gravel, large boulders are generally absent. 

To distinguish the deposits of a glacial from a non- 
glacial river is difficult and often impossible, unless one 
can trace the gravel terraces into actual connection with a 
glacial moraine or can work out in detail the physiographic 
history of the district. 

The deposits made in glacial lakes are rather distinc- 
tive. On the bottom of the lake, clay and silt are laid down 
very evenly in thin sheets which are commonly banded as 
seen later in cross-section. This is due to the fact that the 
leyer deposited in winter is finer and darker in color than 
the one laid down during the summer melting season. Un- 
like most lake deposits the glacial lake clays commonly 
contain scattered pebbles and even small boulders which 
have been dropped from cakes of ice floating over the 
lake. These laminated clays may be associated with beds 
| of peat or chalky diatomaceous earth formed by organisms 
that inhabited the clearer parts of the lake. Streams enter- 
ing the lake form advancing deltas composed of gravel and 
sand in which the stratification is characteristic of deltas 
in general. In quantity the delta deposits often exceed the 
other lake deposits greatly, for the glacial rivers carry 
large quantities of coarse detritus all of which lodges in 
the deltas rather than upon the floor of the lake. 

Other deposits that may be formed: in glacial valleys, 
such as landslides, talus, and alluvial fans, need not be 
described specifically. They are local and generally well 
known. 

The deepening of canyons and the deposition of 
gravels by outwash streams which issue from the 
snouts of glaciers form a very important chapter in 
the robbing and destruction of earlier gold-bearing 
gravels. Much of the material carried by Pleistocene 
glacial outwash streams of the Sierra Nevada was 
dumped at the foot of the western slope of the range 
at the point where the major rivers enter the Great 
Valley. The extensive gold-dredging ground of Cali- 
fornia to a large extent owes its existence to these 


streams. 
So far as the processes involved in stream action 


are concerned, much can be gained by the detailed 
study of ancient glacial stream channels found 
throughout the world, especially in its northern belt. 


Phy siographic Terms Relating to Streams 


The mere definition of some of the terms used in 
Stream physiography gives a direct insight into the 
science. 

Cycle of Erosion includes the series of changes 
from the initial cutting of a surface to the final re- 
duction of a region to a baselevel. The surface of a 
region reduced to fairly low relief, but still undulat- 
ing, is called a peneplain (also spelled peneplane). 
It is a significant fact that the Sierra’ region in early 
Tertiary time was approaching the peneplain stage of 
erosion, when the area was covered with lava to form 
a more nearly plain-like surface, and later uplifted. 
The uplift caused deep dissection by streams. 


Stages of stream development, from gulleys to 
completely worndown plains, consist of youth, matu- 
rity, and old age, with continuous transitional stages 
between. The early stages represent very rapid growth, 
which slows down gradually until at old age the 
changes may be extremely slow. 


The genesis or origin of the stream takes into con- 
sideration the initial surface over which the stream 
first flowed. Several terms are used by geologists in 
relation to this subject. Consequent streams are those 
whose positions were determined by the initial slopes 
of the land surface. Subsequent streams are those 
which are established by growing headward along 
belts of weak rocks. 


Where the underlying structures of the rocks have 
affected the direction of the stream and its valley, 
the stream is said to have structural control. The 
terms fault, joint, strike, anticlinal, synclinal, and 
monoclinal are prefixed to the word ‘valley’; thus, 
fault-valley, strike-valley, etc. It is especially Signi- 
ficant that the richest gold-bearing channels have 
structural control — the streams originally ran on and 
along mineralized zones in bedrock. 


Screams may start their. courses over one sort of 
geological formation, but as time progresses they 
may cut through it and be /et down on a lower and 
entirely different type of structure; such streams are 
said to be superimposed (or simply superposed) on 
the underlying rock structure. When a certain stream 
pattern, originally developed because of previous 
topographic or structural conditions, is retained even 
after those conditions are removed, the stream is 
said to have inberited its peculiar features from much 
earlier periods of its life. 


Streams may be intermittent or permanent. Depres- 
sion of topography along a coast may cause the sea 
to invade the valleys, and the streams are drowned. 
Uprise along the coast may leave hanging valleys. 
Tributaries to a main stream which has been much 
faster-cutting may also be left ‘hanging’; as, for ex- 
ample in Yosemite Valley where the side streams 
reach the Merced River by way of beautiful water- 
falls. 

The longitudinal profile of a stream is taken from 
its source to its mouth, while its gradient represents 


21 


its inclination at some particular part of its course. 
Tributaries are said to be accordant when they enter 
at about the same level as their main stream. A 
stream is said to be at grade when rate of degradation 
and rate of aggradation are about equal. 


A stream which is able to maintain its course, 
even when a segment of the earth is gradually raised 
athwart that course, is called an antecedent stream. 
If, however, the uprise of the mountain causes the 
flow of the streams to be accelerated down its slope 
so that they cut deeper gorges, they are said to be 
rejuvenated. Even stream meanders, developed on a 
plain, may be entrenched or incised deeply, to forma 
winding canyon by elevation of the plain. 


Rejuvenation may be effected in other ways than 
mountain-making. Change of climate may make a de- 
cided change in stream cutting. Stream piracy is an- 
other important cause. This consists of the capture of 
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one stream by another. The second lies at a lower 
elevation; its head cuts back until the first is tapped, 
or beheaded. Then the water from the first stream, 
from that point upward, is caused to flow into the 
capturing stream. In this manner the flow in the first 
is accelerated often to such an extent that a new 
gorge may be formed. Whole stream systems may thus 
be readjusted and repeatedly go through new life 


cycles. Piracy and stream adjustment were appar- 
ently very active in the Sierra Nevada during Tertiary 
time; this process partly accounts for many of the 
deep accumulations there of Tertiary -gravel. 


The pattern of an individual stream, or of the 
whole or any part of its system, develops in its own 
peculiar way because of certain controlling geological, 
topographical, and climatic features. The pattern, 
therefore, is a character significant enough to bear 
special study and to support many new descriptive 
terms. It is now best studied by means of aerial 
photographs, though detailed topographic and geologic 
maps once presented the only bases of accurate 
expression. 
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Many clues as to the geologic structure and '@ 
tory of the underlying region are gained by thestut, 
of stream pattern, from either an intensive or regional 
point of view. In the northern Sierra Nevada, the 
stream pattern developed prior to volcanic activity 
was structurally controlled by bedrock; but during 
the later period of volcanism it suffered change by 
that widespread activity. The major streams subse- 
quent to volcanism followed the ‘slope of the lava- 
covered, tilted, and uplifted fault-block range. 


An instructive outline of the subject of stream 
pattern is given by Emile Zernitz who describes and 
illustrates by many actual examples such pattems as 
follows: dendritic, trellis, rectangular, annular, 
radial, and parallel. He states that: 


The patterns which streams form are determined by in- 
equalities of surface slope and inequalities of rock resist- 
ence. This being true, it is evident that drainage patterns 
may reflect original slope end original structure or may 
reflect the successive episodes by which the surface hos 
been modified — including uplift, depression, tilting, 
warping, folding, faulting, and jointing, as well as de- 
position by the sea, glaciers, volcanoes, winds, and 


rivers. A single drainage pattern may be the result of 


arestal of these factors. (Journal of Geology, vol. 10, p. 





Diagram to show a subdividing or anestomosing stream 
in c valley subject to floods. : 


The fact that lakes fill depressions, basins, and 
valleys along stream courses, and that their deposits 
are intimately associated with those of streams, 
makes their study interrelated with that of stream 
channels. The so-called ‘pipe-clay’ deposits, which 
nearly always immediately overlie the gold-bearing 
gravels, represent beds of silt and finely divided 
volcanic ash, which have settled in lakes and formed 
a series of thin layers. They often contain impres- 
sions of leaves, showing the character of the forests 
that grew in that early period. This feature indicg 
that before the volcanic flows came to cover then 
the stream valleys had been transformed into lakes, 
into which the volcanic ash settled. 
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Diagrams to illustrate three successive stages in stream 
piracy. The stream cutting back at the lower elevation be- 
heads and captures the stream flowing-at a higher level. 


In general, a lake is not as long-lived as a stream. 
Streams tend to destroy lakes, either by gradually 
filling their basins with detritus or by cutting down 
their outlets to a point where their basins may be 
drained. Sometimes, however, lakes persist long 
enough so that the area whose drainage they receive 
is worn down to a local and temporary baselevel. 
Lakes are formed in a number of ways: by landslides 
across stream courses; by lava flows which dam up 
the drainage: by the down-faulting of segments of 
the earth which are then filled with water; by glacial 
action, either by scooping out rock basins or by 
damming with till; by peculiar action of rivers them- 
selves , such as silting off oxbow loops in a mean- 
dering course. An excellent paper, now out of print, 
was written by the late Dr. W.M. Davis. It not only 
discusses the present natural lakes of California, but 
the origin of lakes in general. (California Journal of 
Mines and Geology, vol. 29, pp. 175-236). 
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A. An example of dendritic drainage pat- 
tern, which develops where the under- 
lying rocks lie in a horizontal position 
and offer uniform resistance to erosion. 





B. An example of trellis drainage pattern, 
which develops in folded rocks differing 
in degrees of resistance to erosion. 
The stream courses are therefore 
structurally controlled. 


Desert Processes 


In the desert, the processes of erosion and of 
stream action differ very much from those in more 
humid areas. Only quite recently have the geologic 
processes in the desert been given much considera- 
tion; so also has much serious thought only lately 
turned toward the possible development of desert 
placers on a larger scale than mere ‘dry washing’. 
The fact that adequate supplies of water may usually 
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be derived from underground sources in the desert, 
and the fact that these sources may be found through 
geological investigation and geophysical surveying, 
are gradually being accepted. 

The most significant results of recent desert- 
process studies are summarized by Blackwelder as he 
describes the five distinct types of desert plains: 


1. Pediments (including those only thinly 
veneered with alluvial fans), which represent 
the desert slope, cut in bedrock, in contrast 
to the built-up thick alluvial fans or bajadas. 


Pediments are essentially compound graded 
floodplains excavated by ephemeral streams... 
the pediment, not the bajada, is the normal 
ond inevitable form developed in the arid 
regions under stable conditions. 


2. Bajadas (compound alluvial fans), which 
are built up largely as a result of disturbed or 
interrupted development of graded slopes. The 
upward movement of a fault block causes re- 
newed erosional activity, and thick gravel de- 
posits are formed by the consequent torrents 
and mudflows when they are released from 
their canyons and enter a region of lesser 
gradient. 

3. Dried-up lake bottoms of the desert, or 
playas, whose conditions indicate that once 
more permanent lakes filled the flats and were 
fed by streams that are now nonexistent. 

4. Dip slopes, which are broad planes developed 
on a denuded, hard, flat-lying or gently tilted 
rock layer. 

5. River floodplains, which are abnormal desert 
features, but which were apparently more wide- 
spread at an earlier time, when precipitation in 
a given region was much greater than it is today. 





Map of the southeastern margin of the San Jooquin Valley 
showing fans built by streams which disappear ofter 
leaving their mountain canyons. The coalescing alluvial 
fans form in this manner an extensive bajada. 


These earlier plains and stream courses have 
been covered by the bajadas of today, so that the 
older channels have become buried in the true sense 
of the word. Some of them may represent a large 
potential placer reserve, but they have not yet been 
well investigated. 
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A. Block diagram illustrating Cretaceous Sierra Nevadon 
topography. The upturn edges of bedrock controlled the 
drainage pattern, which was later inherited by streams 
of the early Eocene period. 

B. Block diagram to show the tilting of the Sierra Nevada 
and its effect on stream cutting. Erosion, prior to the 
tilting, planed down the surface and exposed the 
gronite, leaving only occasional fragments of the in- 
truded metomorphic rock bodies as roof pendants. The 
streams, at the point where they leove their mountain 
canyons ond enter the Great Valley, form alluvial fans. 
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From the study of the complicated life history and 
habit of streams and the processes involved in their 
development, a series of working criteria should be 
developed by the exploration geologist for interpreting 
the conditions found in the deposits of all streams, 
including those of Tertiary age in the Sierra Nevada. 


Need for Establishment of Working Criteria 


GEOLOGIC CONDITIONS IN THE GOLD PROVINCES 
OF CALIFORNIA 


In the Sierra Nevada and Klamath Mountains of 
Califomia gold-bearing quartz veins are generally 
found in metamorphic rocks not more than a few 
miles, at the most, from intrusive bodies of granitic 
rocks. The age of the metamorphics, which are made 
up of slates, schists, limestones, and meta-igneous 
bodies, is earlier than Cretaceous, namely pre-Paleo- 
zoic, Paleozoic, Triassic, and Jurassic. The time of 
intrusion of the granitic masses was late Jurassic. 


The quartz veins were formed shortly after the 
igneous intrusion, during the last stages of the 
‘Jurassic. It would seem that the metamorphic rock 
masses were uplifted and intruded by molten magmas 


which then cooled and contracted, causing the sur- 
rounding and over-lying roof-rocks to crack along 
many planes of weakness and to form thousands of 
fissures. Into these openings the residual case 
solutions, released from the crystallizing granités 
and composed largely of silica, were injected. These, 





after solidifying, were crushed again, and solutions 
containing gold entered the complex mineralized 
zones, enriching especially the cross-fractures where 
openings were most abundant. 





1. An early Tertiary surface, developed on bedrock over 
which flowed the old river system of the Columbia basin. 

2. This surface, including its rich gold-bearing gravels, 
was later covered with lake sediments (‘pipe-clay’) con- 
sistingof fine silty volcanic ash- 

3. Andesite ‘cobble-wash’ then covered the entire country. 
4. A canyon wos cut in this andesite mudflow. 

5. A basic lava (latite) flowed down this canyon as a 
molten stream. 

6. After this lava cooled and hardened, it became the bed 
of another river which deposited some gold-bearing gravels 
on its surface, washed in from the surrounding eroded 
region. 

7. Continued erosion during the Pleistocene resulted in 
the washing away of thé less resistant volcanic materials, 
leaving the very resistant latite standing as Table Moun- 
tain. Furthermore, the earlier prevolcanic bedrock surface 
was uncovered, or resurrected, exposing the gold-bearing 
gravels originally deposited in the Columbia channel 
sy stem. 

8. Quaternary erosion has cut canyons of great depth, for 
below the level of the former Tertiary surfaces. 


The gold-bearing veins thus formed deep beneath 
the surface of the earth, had then to be brought to the 
light of day by the erosion and removal of the covering 
layer of rocks, nearly two miles in depth. This gigan- 
tic work was accomplished during the Cretaceous 
period, and as a result thousands of layers of shales, 
sandstones, and conglomerates several miles in 
stratigraphic thickness were laid down in an ad- 
joining marine basin. Some of these beds -especially 
the last ones to be deposited—are gold-bearing, 
showing that the last part of the Cretaceous erosion 
finally reached the hidden veins. 


That part of the geologic history, however, which 
was most important so far as the making of rich 
placer deposits is concerned, was the Eocene period. 
The deep erosion which took place during the Creta- 
ceous had worn the surface down to such an extent 
that the metamorphic rocks with their mineralized 
zones had been reached, so that the streams of the 
Eocene ran along and through them. 


Seructural contol of the drainage, fully developed 
during the Cretaceous, was thus inherited by the 


Eocene streams. Ridges and valleys followed the 
north-south trending beds of hard and soft rock. The 
subtropical climate of the early Eocene together with 
other conditions particularly favorable to rock disin- 
tregation, such as a more prolonged time of stability 
in the earth’s crust, made it possible for the gold in 
the surface rocks to be released from its matrix. 


Then came the inception of the Tertiary Sierran 
uplift, which rejuvenated stream flow, causing the re- 
leased gold in the disintegrated veins:to be washed 
into the river channels, resulting in very rich con- 
centrations. The streams were loaded with fine 
quartz sand and pebbles, together with clays derived 
from the decomposed feldspathic parts of the rocks. 
The finer particles were washed to the sea, and as a 
result the Eocene (Ione formation) today contains 
large deposits of commercial clay interbedded with 
quartz sands. 


The westward tilting and resulting acceleration of 
stream flow interrupted the north-south drainage 
system inherited from the Cretaceous period. The re- 
adjustment of the streams resulted in their general 
direction of flow being finally changed from north and 
south trends to a westerly course, somewhat as it is 
today. The longest of these known streams even 
headed far to the east into what is now Nevada. 


Hardly had the Eocene come to a close when much 
rhyolite ash, thrown into the air from volcanoes, set- 
tled over the region. By Oligocene time, rhyolite ash 
had covered much of the northern Sierra Nevada, 
damming rivers and forming lakes, the bottom sedi- 
ments of which are now represented by thinly layered 
pipe-clay immediately overlying the richer gold- 
bearing gravel. The newly developed rivers, flowing 
directly down the westem-tilted slope of the Sierra, 
over a volcanic cover, as consequent drainage, were 
repeatedly interrupted by continued ejections of lava 
and a further tilting of the region. Not until the late 
Pliocene or early Pleistocene did the constant out- 
pouring of lava cease. Then, by a series of violent 
earth movements, the Sierra Nevada broke away from 
the region to the east along huge fault-scarps, which 
are formed at the foot of the present steep eastern 
slope, where displacements are now measured in 
thousands of feet. Within the Sierran slope, smaller 
adjustment faults also broke the continuity of the 
older buried Tertiary stream grades. Some of the an- 
cient streams, the courses of which headed farther to 
the east, were virtually ‘chopped’ into many pieces; 
some were elevated and others depressed, and many 
were warped to various peculiar positions. Undoubtedly 
there are some segments of these old channels which 
now lie deeply buried beneath great thickness of 
alluvium in down-dropped fault-blocks east of the 
Sierran escarpment. 


In the Great Basin and the Mojave Desert region 
of California and Nevada are remnants of Tertiary 
stream deposits, interbedded with or lying beneath 
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lavas, all of which have suffered much by faulting 
and warping. 


In these regions, however, the most important 
period of placer formation was in the early Pleisto- 
cene, rather than in the Tertiary. Two types of lode 
gold supplied the source. One type was formed in 
much the same manner as the Sierra Nevada lodes. 
The other consisted of mineralized zones in rhyolite 
of early and middle Tertiary time. In the Pleistocene 
there were normal streams flowing through the desert, 
fed by melting glaciers of the higher mountains. Pla- 
cers that were formed by these Pleistocene streams 
have since been largely covered by desert alluvial 
fans. Some have been elevated and are cut by more 
recent streams, when present in this arid region, so 
that recent concentrations from older river gravels 
provide one source for the desert dry placer. 


In the Klamath Mountains, though the early geo- 
logic history was much like that of the Sierra Nevada, 
there were no lavas to fill the valleys in which the 
stream gravels were deposited. Uplifts, accompanied 
by renewed stream-cutting, caused terraces to be 
left on the valley sides, where the rich gravels have 
given up their gold to hydraulic mining. Some of the 
finer gold particles were washed by the rivers to the 
sea and have formed deposits known as beach placers 
along the northem shore of California. 


Down-faulting of various degrees of magnitude in 
places caused accumulations of gravels to form, 
especially on the down-throw sides of faults. A num- 
ber of such faults are located in both the Sierra 
Nevada and Klamath Mountains, and may hold a 
reserve of gold not yet entirely recovered. In the 
Sierra most of these minor displacements show that 
the east side of the fault-plane has been dropped 
down, so-that where faults cross westward flowing 
rivers, accumulations of gravels have taken place in 
pockets thus formed, east of the fault-plane and up- 
stream. 


The whole Pleistocene period was one of great 
events for California. The eastern side of the Sierra 
Nevada was raised to very lofty heights. The westward- 
flowing streams, as a consequence, were so greatly 
accelerated that they cut deep and rugged canyons. 
The uprise, accompanied by faulting, caused such 
violent earthquakes that enormous masses of rock 
were shaken from the mountain sides, in many places 
to form local lakes which were later to be drained 
and destroyed by active erosion. Glaciers developed 
in the higher mountains and crept down the canyons, 
carving them wider and leaving them U-shaped in 
form. Their melting supplied much water to the 
streams. Some local volcanic cones were built up 
here and there near or over the fault planes. 


The Tertiary stream gravels, which had long been 
buried deeply beneath lavas, were exposed by the 
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Pleistocene canyon-cutting rivers. From the dissec 
portions of the old channels, gold was removed .~" 
washed into the newer streams, which concentrateu 
it on their bedrock riffles. The remaining portions of 


the Tertiary deposits were left with their stubs ex- 
posed high up on the intervening ridges. In places, 
erosion merely stripped the covering of volcanic 
tuffs, sands and gravels from the bedrock, leaving 
the channel with its rich gold deposits laid practically 
bare for the lucky early miner to win. Some of the 
finer particles of gold were swept clear out to the 
Great Valley where they were dropped on the edge of 
the plain. These areas are now the dredge grounds. 





Ideal cross-section of a river in the Sierra Nevada, the 
bed of which hes suffered down-faulting on the upstream 
side, causing gravels, sand, and silt to accumulate in the 


pocket thus formed. 


@ 


The general western tilt of the Sierra Nevada has 
been found to continue along the same slope (about 
two degrees) far beneath the alluvium and sediments 
of the Great Valley. Areas dredged for gold values in 
the gravels thrown down by the great canyon-cutting 
rivers of the range lie along the extreme westem 
margin of the foothills near the place where bedrock 
passes beneath the alluvium, and aligned in a direc- 
tion N.20°W. The gravels dredged do not lie directly 
on bedrock but on tuffaceous clay layers, spread out 
above the detritus-covered down-warped Sierran sur- 
face. Beneath the ‘false-bedrock’ and cut in the true 
bedrock surface is a stream pattern with gold-bearing 
gravel filled channels, now reached only in one or 
two places. This buried channel system undoubtedly 
holds in reserve a great wealth for future improved 
exploration and development. Excessive underground 
water is always encountered in these mines which 
are located beneath the level of the alluvial plain. 


The great differences between the geology of the 
Coast Ranges and that of the Sierra and Klamath re- 
gions are fundamental in that the westerm area served 
frequently as a basin for deposition during the Tertiary 
and Cretaceous, while the latter represented | 
areas throughout that time. The Coast Ranges 
gether with the Great Valley now contain enorme 
accumulations of marine Tertiary and Cretaceous 


sediments while the Sierra Nevada and Klamath 
Mountains are not so covered. Cretaceous and Tertiary 
streams coursing down the mountain flanks brought 
gravel, sands, and clays into a marginal sea. 


The very fact that streams are conveyors of mate- 
rials, in contrast to the basins of deposition toward 
which they flow, accounts for the very different geo- 
logic conditions on the two sides of the Great Valley. 
Certain geologic time divisions of the Cretaceous 
and Tertiary of the Coast Ranges are represented by 
Strata measured in many thousands of feet, while in 


the Sierra mere films-of Tertiary gravels, or deposits 
of no greater thickness than a few hundred feet, 
trapped by volcanic coverings, represent some of 
these same later periods. Particles of gold, recur- 
rently washed from the mineralized rocks of the moun- 
tain range were dropped by reason of their high spe- 
cific gravity, and retained in the bedrock riffles of 
both the ancient and modern streams, while the lighter 
detritus was carried to the broad sea basins to form 
strata covering hundreds of square miles. 


CONCLUSION 





The depletion of the more accessible and more 
easily discovered gold placers, followed by losses 
due to poorly directed exploration, calls for a more 
effective technique to bring further success to placer 
mining. The technique is available; the next thing to 
do is to apply it. 


First, there is aerial photography which may 
speedily and accurately give a wealth of valuable in- 
formation as regards geology, and in addition, the 
finest sort of a map ons surface features in 
greatest derail. 


Second, there is geophysical surveying which, 
when coordinated with geology, may greatly aid un- 
derground prospecting in making new discoveries and 
in reducing its cost by more intelligently directing 
its course of action. 


Third, physiographic geology, advanced to a more 
systematic science than ever before, may be used in 
unravelling the history of the ancient streams and 
their corresponding topography. Contouring the pre- 
lava surface is found to be an excellent method of 
Showing graphically this ancient topography, and 
especially the old valleys in which lay the early 
gold-bearing streams. 


Fourth, a better understanding of desert processes 
in general and desert placers in particular should 
help to develop a gold reserve which has so far not 
received the attention it deserves. 


Fifth, the technique recently developed in the ex- 
amination of stratified sediments, their structure, 
texture, mineral-grain composition, etc., may be aprly 


applied to placers. to aid in tracing out their origin 
and the courses of the older drainage systems now 
extinct. 


In taking stock of the possible reserves of placer 
gold in California, several sources would seem worth 
investigating. All of these require detailed exploration 
prior to any attempt at mining. For the most part, 
these reserves are buried or concealed in such a way 
that they have either been overlooked or considered 
too remote or too much of a speculation for a mining 
venture. Such factors as involved water-rights, litiga- 
tion, difficulty in gaining title, laws unfavorably af- 
fecting hydraulic mining, lack of sufficient capital, 
and many other stumbling blocks now prevent good 
placer ground from being worked. 

The possible reserves discussed in this report 
may be summarized as follows: 


Pleistocene and Recent Placers. 


1. Deep river gravel deposits, over which the present 
larger rivers are now flowing. Recent and Pleistocene 
faulting caused gravel to be gecumulated on the down- 
throw side of faults, while the rivers have continued to 
flow over the gravels without washing them completely 
out. 

2. Pleistocene stream placers, buried beneath alluvial 
fans of the Great Basin and Mojave Desert. 

3. Recent ephemercl stream deposits and alluvial 
fens or ‘bajada placers’ of the Great Basin and Mojeve 
Desert regions. 

4. Merine or beach placers along the coast, for the 
most port located in northern California. 

5. Isolated high terraces or bench gravels, such as 
these which occur in the Klamath Mountains. 


Tertiary Stream Placers 


6. Gold-bearing channels cut in bedrock which lie be- 
neoth the false bedrock layers of the dredged creas along 
the western foot of the Sierra Nevada. 

7. Buried Tertiary channels and associated covered 
benches located in the well-known gold-beoring districts 
of the state. Large areas stil! lie buried and unexplored in 
some of the older mining districts. 

8. Buried Tertiary channels and benches in the lava- 
covered district which lies between the Sierra Nevada and 
Klamath Mountains. Most of this area is probably too, 
deeply covered to be reached by mining, but the southerr. 
marginal area may have some possibilities. 

9. Tertiary channels of the Great Basin and Mojave 
Desert areas, interbedded with volcanic rocks or lying 
beneath them. 

10. Tertiary marine placers. Finely divided gold parti- 
cles in the lone formation at the point where the corre- 
sponding Eocene streams entered the lone sea. 


Cretaceous Marine Placers. 


11. Cretaceous marine placers, largely in the Chico 
conglomerate (Upper Cretaceous) beds of northern Cali- 
fornia. The Lower Cretaceous beds are also reported to 
contain some gold-bearing layers. 


Largest Reserve. 


The largest of these possible reserves probably lie in 
the remaining buried Tertiary stream placers of the northern 


| | The End 
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Wells (1989) 
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FIELD GUIDE AND CHECK LIST FOR PLACER INVESTIGATIONS 


Date of examination 





NAME OF CLAIM(s) OR PROPERTY 





State , County District 
Township , Range Section(s) 


REASON FOR EXAMINATION 








EXAMINED BY 
Assisted by 
Others present 


Number of Claims or acres 


NAMES OF LOCATORS AND PRESENT OWNER 


Owner’s Address 


TYPE OF DEPOSIT (stream, bench, desert, etc.) 


Terrain 


Gradient of deposit: Less than 5% ( ); More than 5% ( ). 


Remarks 
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18. 


Peer, 


20. 
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Is the deposit dissected by deep washes or old workings? Yes( ); No ( ) 


Remarks 





Type and extent of overburden 











Depth to permanent water table 





Depth to bedrock 











Kind of bedrock (rock type) 





Hardness of bedrock 





Bedrock slope or contour to be expected 





Are high bedrock pinnacles or reefs in evidence? Yes ( ); No ( ) 


Remarks 


Gravel is Well-rounded ( ); Sub-rounded or Sub-angular ( ); Angular ( ) 


Remarks 
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24. 


25. 


26. 


27. 


28. 


ys Pe 


30. 


Does gravel contain rocks over 10-inch ring size? Yes ( ); No ( ) 


Remarks 








BOULDERS (Max. size, number, distribution, etc.) 











Rock types noted in gravel 











Predominant rock type (if any) 


SAND (kind, amount, distribution, etc.) 


Sorting or bedding patterns (if apparent) 


STICKY CLAY? Yes ( ); No ( ). Remarks 
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31. 


32% 


Xe fs 


34. 


35%. 


36. 


Ny iP 


38. 


Cemented gravel? Yes ( ); No ( ). Remarks 








Caliche? Yes ( ); No ( ). Remarks 





Permafrost? Yes ( ); No ( ). Remarks 


Buried timber? Yes ( ); No ( ). Remarks 


Hard or abrasive digging conditions? Yes ( ); No ( ). Remarks 


Character of gold:Coarse ( ); Flaky ( ); Fine ( ); Rough ( );Shotty ( ); 


Smooth ( ); Bright ( ); Stained or coated ( ). Remarks 


Can good recovery be expected by use of riffles of jigs? Yes ( ); No ( ) 


Remarks 


Is recovery said to depend on secret process or special equipment? 


Yes ( ); No ( ). Remarks 
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39. 


40. 


41. 


42. 


43. 


44. 


45. 


Yes ( ); No ( ). Remarks 


Are black sands said to contain locked gold values? Yes ( ); No ( ). 


Remarks 








Have black sands been checked for valuable minerals other than gold? 











Distribution of values in deposit (if known) 











Record or evidence of previous sampling 





Results of prior sampling (if known) 


Are old workings in evidence? Yes ( ); No ( ). Remarks 


Past production (if known) 
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46. Date of last production or work 


47. Reason for quitting 


48. Present work (if any) 


49. APPLICABLE MINING METHOD 


50. Possible cost to bring property intro production 


fl es POSSIBLE MINING COST 





Sais Dimensions of (physically) minable ground 
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53. 


54. 


BD's 


56. 


Dis 


SS. 


Possible extensions 











Maximum yardage indicated to date 





Mining equipment on ground 


Accessory equipment or improvements on ground 


Water supply 


Power supply 
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59’. 


60. 


61. 


62. 


63. 


64. 


65. 


DOES PROPERTY HAVE ADEQUATE TAILINGS DUMP ROOM? Yes ( ); No ( ). 


Remarks 


Would mining in this area come under County, State or Federal water 


quality control regulations? Yes ( ); No ( ). Remarks 


Fish and game regulations? Yes ( ); No ( ). Remarks 


CAN SETTLING PONDS BE BUILT TO EFFECTIVELY RETAIN OR CLARIFY THE MUDDY 


WATER? Yes ( ); No ( ). Remarks 


IS PROPERTY SUBJECT TO RESOILING OR OTHER SURFACE RESTORATION 


REGULATIONS? Yes ( ); No ( ). Remarks 


Elevation of property 


Climate 
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66. 


67. 


68. 


69. 


70. 


Dis 


y PRS 


73. 


74. 


1 Die 


Working season 


Season governed by 


Surface cover and its effect on mining 


Merchantable timber or other surface values 


Nearest town 


Access 


Reference maps 


Aerial photos (USGS, Forest Service, etc.) 


Reference literature 








Previous examinations or reports 
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wor Other reference sources 





Tes SAMPLING (describe or attach notes) 


Toe Additional information and remarks 


ao. Attach suitable map or sketches (if needed) 





80. Attach photographs of pertinent features (if available) 
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Amalgamation & 
Laboratory Excercise 


Example Assay Instructions for Placer Concentrates 


Mercury Amalgamation 


Assay Instructions 


Enclosed are six black sand concentrates for mercury amalgamation. You should 
shortly receive a purchase order to cover the cost. Please do not begin work until 
it arrives. 


The following needs to be done with each sample. 


Le 


Mercury amalgamation: 


A. Report sample dry weight. 
B. Report gold and silver concentration in total milligrams. 
i: Please do not report concentrations in ounces per ton of concentrates. 


Fineness determination. 


Return pulps and results to: 


Matt Shumaker 

Bureau of Land Management 
National Training Center 
9828 North 31 Avenue 
Phoenix, AZ 85051. 


Please give me a call at (602) 906-5526 if you have any questions. 


Example Assay Instructions for Placer Concentrates 


Mercury Amalgamation Followed by Cyanide Test 





Assay Instructions 


Enclosed are 5 black sand concentrates for mercury amalgamation. You should 
shortly receive a purchase order from BLM Safford District to cover the cost. 
Please do not begin work until it arrives. 


The following needs to be done with each sample. 


1, 


Mercury amalgamation. Report sample dry weight, and gold and silver from 
amalgamation in total milligrams. Please do not report concentrations in 
ounces per ton of concentrates. 

Fineness determination. 

After amalgamation, Cyanide bottle roll. Report gold and silver from cyanide 
bottle roll in total milligrams. Please do not report concentrations in ounces 
per ton of concentrates. 

Return pulps and results to: 

Larry Thrasher 

Bureau of Land Management 

Safford District. 

711 14th Avenue 

Safford, AZ 85546. 


Please give Matt Shumaker a call at (602) 906-5526 if you have any questions 
about sample processing. 


Please call Larry Thrasher at (520) 428-4040 for purchase order questions. 
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Mercury Amalgamation of Gold Concentrates 


Mercury is not a benign substance. It is toxic and can cause long term health 
problems. Mercury is also an environmental hazard, and is a regulated hazardous 
substance. Proper handling is the key to safe, successful mercury amalgamation. 
Read the mercury metal Material Safety Data Sheet (MSDS). Wear rubber or plastic 
gloves and safety glasses. Whenever mercury is being handled, work should be done 
over a large plastic (NOT galvanized!) safety pan to catch any inadvertent spills. 


Amalgamation is a means by which the gold and silver in placer gold dissolve in 
mercury, which is a liquid metal. Mercury will continue to absorb gold and silver until 
it reaches the consistency of soft butter. The sample must be mechanically agitated 
for a period of time long enough for the mercury to come into contact with each 
minuscule piece of placer gold. When amalgamation is completed, the resulting gold, 
silver, and mercury mixture, Known as "amalgam," is dissolved in nitric acid diluted 
1:1. The nitric acid dissolves only the silver and mercury, leaving gold in a spongy 
solid. This is known as "gold sponge.” 


The resulting gold sponge is weighed and considered as part of the potentially 
recoverable gold. Most placer gold contains some percentage of silver. This silver is 
not easily recoverable, but when amalgamations are done commercially, concentration 
of silver in the parting solution (see below) can be requested in the assay instructions. 
Placing zinc or copper metal into the parting solution causes mercury to be 
precipitated out so it can be recovered and reused. A pound of mercury (about equal 
to one fluid ounce) will last for more than decade if it is properly recycled. 


The following steps are from Wells (1969), pp 92-93. 


a0, Reduce the sample to a black sand concentrate by panning, rocking, or other 
Suitable means. 


Pay Place the concentrate in a pan or petri dish and manually remove any gold 
particles which are to be kept in their natural form. 


3. Working over a large plastic safety pan, add a globule of clean gold-free 
mercury about the size of a small bean to the amalgamation vessel. 


Amalgamation can be done in a pan, in a sealed container on a jar mill, or on a 
gold wheel such as a Goldhound®. Don’t forget to work over a safety tub. 


Amalgamate for an hour, or long enough to allow the mercury bead to come 
into contact with the entire sample. 


Remove the mercury and place into a 250 ml Pyrex® beaker. The mercury may , 
have broken up into many small globules. Removing the mercury is a slow (@ 
process and will probably require the use of a very fine point eyedropper. Don’t 
become rushed. Take your time and be sure to get every globule, no matter 

how small. 


Add about 20 to 30 ml of 1:1 nitric acid and digest until the mercury bead is 

' reduced to the size of a match head. Transfer the bead to a size O glazed 
porcelain parting cup. Pour the leftover parting solution into the stock bottle for 
later mercury recovery. 


Add fresh acid and complete the digestion using a low setting on a hot plate, if 
needed. Do not allow the acid to boil! Fine size gold will be left as a tiny 
coherent sponge-like mass. Pour the leftover parting solution into the stock 
bottle for later mercury recovery. (Remember: the gold sponge will be really 
tiny!) 


After decanting off the acid, using a wash bottle, carefully wash the gold three 
or more times with distilled water. Decant the used wash water into the parting 
solution stock bottle. 


Add a drop or two of alcohol to prevent spattering (70% isopropopyl rubbing 
alcohol works fine) and dry the parting cup at a low heat. § 


The use of a high heat at any of the previous steps can cause spattering which 
can cause the gold sponge to blow out of the parting cup and disappear, ruining 
your sample. 


Over a bunsen burner and under a fume hood or in a very well ventilated area, 
anneal the gold sponge by bringing the parting cup to a low red heat. This will 
eliminate any residual mercury and is essential to working with very small gold 
weights. 


Transfer the annealed gold to a balance pan and weigh. 


MERC ony 
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FOR CHEMICAL EMERGENCY 








Tethers tee cnsend tes Certaageay oath OSHA's Huzard Communication Standard, MARCI ee OR ACCIDENT . 

ST de tie a P20 st. aeeaed uiust be consulted fur specific requirements. 9 mks 
cus er cau cuauTnec DAY OR MIGHT : 
the &:.**800-424-9300 . -* 

SECTION | os ier) * “Tol-tree in the continental U.S. ° ‘gi 





Uy aha eag-eemersen enenss teeter # morc : +) “- 







Nanulwtutet’s 1 GOLDSMITH CHEMICAL & METAL CORP. 





[3482-7616 im Distriet of Cotumbie: f 
A et ee ted =. ' 
ea 


909 Pitner Avenue 











City, State, and ZIP . Other ; 
Evanston, IL 60202 rpms 708-869-7800 
Signature «t P D 
Recporitile teeeartion (Optional) Preckine 9/1/90 
i SECTION 2 - HAZARDOUS INGREDIENTS/IDENTITY 
Hazardous Compunents(s) (chemical & common name(s)) OSHA . ACGIH Other % CAS 
PEL TLV Limits (optional) NO. 





MERCURY (METALLIC MERCURY) (QUICKSILVER) 0.05 MG(HG)/M? 0.05 MG(HG)/M? TWA 100 7439-97-6 


SECTION 3 - PHYSICAL & CHEMICAL CHARACTERISTICS 


Boili Specific Vv 0.0012 MMGH 
can 675 F (357 C) Gravity (H,0=1) 13.6 Preaane (mm Hg) @ 20C 











Vapor 
Density (Air=1) 7-0 





Solubility insoluble ctivtta die NAL 





A Silver-White, Heavy Mobile, ngeiti 
Anpenaace Liquid Metal "Same 738 F (-39 C) 





& SECTION 4 - FIRE & EXPLOSION DATA 
Flush Hos hod FI ble Li LEL UEL 
Point Né ‘AG = in Ait ‘ 3 or Woe Lower N/A Upper 
Auto-lgnition yA Extinguisher Dry Chemical, Carbon Dioxide, Water Spray or Foam 
Temperature Media (1984 Emergency Response Guidebook, DOT P 5800.3) 
Special Fire For larger fires, use water spray, fog or alcohol foam (1984 Emergency Response 


Fighting Procedures Guidebook, DOT P 5800.3) Firefighting: Move containers from area if possible. 


Cool containers exposed to flames with water from side until well after fire is out (1984 Emergency 
Resfonse Guidebook, DOT P 5800.3) Use agents suitable for type of fire; 


Unusual Fireznd Use water in flooding amounts as a fog. Avoid breathing corrosive and poisonous 
Explosion Huzards ya pors. Keep upwind. 

















SECTION 5 - PHYSICAL HAZARDS (REACTIVITY DATA) 


Stability Unstable Conditions Does not ignite readily. Flammable, poisonous gases may accumulate in 
Stable tu Avoid tanks & hopper cars. May ignite combustibles (wood, paper, Oil 


Incompatahility Violent Reaction: Acetylinic Compounds; Ammonia; Boron; Diiodophosphide; 
(Materials to Avwid) Ethylene Oxide; Metals (Aluminum; Potassium; Lithium; Sodium; Rubidium); 


Methyl Azide; Methyisilane; Oxygen; Oxidants (Bromine; Peroxyformic Acid; Chlorine Dioxide; Nitric 
Acid: Tetracarbonyinickel; Nitromethane; Silver Perchlorate 


Hazardous 
Decomprsition Products 


Hazardous May Occur Conditions 
=) Polymerication Will Not Occur __to Avoid None Known 


Thermal decomposition products include toxic mercury vapors & oxygen. 


Jo meneame nnnntnenenennnmrennvitnnsniliOT alesis h Ed va se 
SECTION 6 - HEALTH HAZARDS 


Elemental Hg, liquid and vapor, is toxic due to its liquid solubility, lack of charge, and membrane permeability. Inhaled v 
(807;) diffuse rapidly through alveolar membranes into the blood and are systemically transported to body tissues, including the 
brain. Fxpesure to high conc. (1.2 mg/m3) of vapors for brief periods can cause pneumonitis, chest pains, dyspnea, coughing,, 
Later stomut.tis, gingivitis, and sslivation occur. Hy cun be absurbed slowly through the akin. Chronic symptoms involve the 
CNS with tremor ond vanous neuropaychiatric disturbances. The TLV would be exceeded if the contents of a small Hg clinical 
thermonetes w re inperaed ino clawed 100° x 107 x 15 room, Gl uptake of Hy is low (5%). 


FIRST AID: 
Kye Contact: Flush with running water for 15 min. including under the eyelids. 










Skin Contact: Renve contaminated clothing. Wash affected area with soep and water. 
Inhalation: Kemove to fresh air. Restore and/or support breathing as needed. Adminster 0? for chem. pneumonitis. 


Ingestion: Gastric lavage with 5% solution of sodium formaldehyde sulfozylate, followed by 2% NaHCO, and finally leave 250 
ce of the sudiui formaldehyde sulfozylate in the stomach. 
Seek medical assistance for further treatment, observation and support. 


Skin Contact: Irritant/Sensitizer/Neurotozin/Nephrotoxin. 
Acute Exposure - May cause redness and irritation. Sensitization Dermititis may occur in previously exposed workers. Substance 
may be absorbed through intact skin causing anuria. 


Eye Contact: Istritant. Acute Exposure - Contact may cause irritation. Solutions are cormsive and may cause 


corneal injury or burns. Chronic Exposure - Mercury may be deposited in the lens of the eye, causing visual 
ROUTES disturbances. 


OF Ingestion: Neurotoxic/Nephrotoxic. Acute Exposure - When ingested, necrosis begins immediately in the 

ENTRY mouth, thrust, esophagus and stomach. Within a few minutes, violent pain, profuse vomiting, and severe 
purging may oceur. Patient may die within a few minutes from fluid/electrolyte losses and peripheral vas- 
cular cullapse, but death (from uremia) is usually delayed 5 to 12 days. 


Inhalation: irritant/Sensitizer/Neurotoxin. 28 MG/M3 immediately dangerous to life or health. Acute Exposure - Inhalation of a 
high concentration of mercury vapor can cause almost immediate dyspnea, cough, fever, nausea and vomiting, diarrhea, 
stomatitis, salivation and metallic taste. Symptoms may resolve or may progress to necrotizing bronchiolitis, pneumonitis, 
pulmonary edema, and pneumothorax. This syndrome is often fatal in children. Acidosis and renal damage with renal failure 
may occur. Inhaling volatile organic mercurials in high concentrations causes metallic taste, dizziness, clumsiness, sl 
speech, diarrhea, snd sumetimes, fatal convulsions. Chronic Exposure - Inhalation of mercury vapor, dusts, over a long 
causes mercurialism. Findings extremely variable & include tremors, salivation, stomatitis, loosening of teeth, blue lines on 
gums, pain & numbness in extremities, nephritis, diarrhea, anziety, headache, weight loss, anorexia, mental depression, insom- 
nia, irritability & instability, hallucinations and evidence of mental deterioration. 





. SECTION 7 - SPECIAL PRECAUTIONS AND SPILL/LEAK PROCEDURES 


Store in clused unbreakable containers (polyethylene) in a cool, dry, well-ventilated area away from sources of heat. Protect con- 
tainers from physical damage. 

Mercury evaporates very slowly. Spilled Hg forms many tiny globules that will evaporate faster than a single pool and can 
develop a significant concentration of vapors in an unventilated area. Such vapors can be poisonous, especially if breathed over a 
long period of tune. Heated Hg evolves high levels of toxic vapors. 


NO NOT TOUCH SPILLED MATERIAL. STOP LEAK IF YOU CAN DO IT.WITHOUT RISK. FOR SMALL SPILLS, TAKE 
UP WITH SAND OR OTHER ABSORBENT 4ATERIAL AND PLACE INTO CONTAINERS FOR LATER DISPOSAL. A 
MERCURY SPILL KIT MAY ALSO BE USED FOR SMALL SPILLS IN THE WORKPLACE. FOR LARGER SPILLS, DIKE 
FAR AHEAD OF SPILL FOR LATER DISPOSAL. KEEP UNNECESSARY PEOPLE AWAY. ISOLATE HAZARD AREA AND 
DENY ENTRY. 





SECTION 8 - SPECIAL PROTECTION INFORMATION/CONTROL MEASURES 


Provide adequate exhaust ventilation to meet TLV requirements in the workplace. Operations requiring an Hg surface should 
reduce-the temp. of Hg to limit vaporization and minimize vapor exposure by using a local exhaust. 


Self-contained breathing apparatus can be used up to 5 mg/m? with a full facepiece above 1 mg/m’. Positive pressure-type sir 
supplied breathing equipment has been recommended above 5 mg/m°. 


Avoid eye contact by use of chemical safety glasses. Wear rubber gloves and protective clothing sppropriate for the work situa- 
tion. Separate work and street clothing. Store work clothing in special lockers. Showers to be taken before changing to street 
clothes. 


Provide preplacement and periodic medical exams for those regularly exposed to Hg, with emphasis directed to CNS, sje. 
lungs, liver, kidneys and G.I. tract. 


WHMIS - 02B, E 


‘& MATERIAL SAFETY OIVISION OF ASHLAND GIL INC. Asiiand, ed 
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o01977 NITRIC ACIO REAG ACS X78 CS - PAGE: 4 
ACCEPTECO Bv 0.8.H.A. AS ESSENTIALLY SIMILIAR TO 0.8.H. A. FORM 20 ) 
2*-HOUR EMERGENCY TELEPHONE: 606-32%-1133 CLOCATEDO AT ASHLANO, KENTUCKY) 
SPSRSCTSSCSP TTL SSSSSSSSSSEPSSESSSSSPPSSSSSSSSASPD APS SE RSSSHSSSTHOSPSIESSESHSSSESSSESSBVSBIVDVVS 
ASHLANO PROOUCT NAME: NITRIC ACIO REAG ACH X78 CS 
os s0 026 9315600-002 
UNIVERSAL SCIENTIFIC GATA SHEET NO: GO00998-003 
200%e2 E€. VISTA GEL CERRO LATEST REVISION OATE: 11477277333 
TEMPE, AZ BS281 PROOVUCT: 3687205 
INVOICE: $112%90 
S ooaaea O4TE: 01731784 


ATTN: PURCHASING/SAFETY DEPT. 


SECTION I-PROOVUCT FOENTIFICATION 


GENERAL OR GENERIC I0: INORGANIC ACTO 
HMAZARO CLASSIFICATION: €22) CORROSIVE (173.2%0) ANDO OXIOIZER (173.1851) 


s 


SECTION IT-HAZARGCOUS COMPONENTS 


INGREOTENT PERCENT PEL Tuiv =) 


NITRIC acro 793 2 2 PPR 


SECTION III-PHYSICAL DATA 


PROPERTY REFINEMENT _ MEASUREMENT 
INITIAL BOILING POINT FoR PROOUCT 250.00 o€G F 
€ 421.21 O€&G C? 
2 760.00 MMHG 
VAPOR PRESSURE FOR PROOUCT S.SO MMHG 
r-) 68.00 oE£€sc F 
¢ 29.00 oO&G c» 
VAPOR OENSITY azrR z 2 a.3 
SPECIFIC GRAVITY 4.413 ) 
2 68.00 oEG F 
¢ 20.00 oO&€G c>d 
PERCENT VOLATILES 100. 00% 
EVAPORATION RATE SCOWER THAN ETHER 


SECTION IV-FIRE ANO EXPLOSION OATA 


FLASH POINT NOT APPLICABLE 
EXPLOSIVE LImIT NOT APPLICABLE 
EXTINGUISHING MEOTA: WATER FOG 


HAZAROOUS DECOMPOSITION PROOUCTS: RAV FORM TOXIC MATERIALS:, NITROGEN 
COMPOUNDS, ACZIO FUPRES 7 


SPECIAL FIREFIGHTING PROCEDURES: SELF-CONTAINED SREATHING APPARATUS WITH A FULL 
FACEPIECE OPERATED IN PRESSURE -CEMANO OR OTHER POSITIVE PRESSURE MOCE ANO 
FULL BOOVY PROTECTIVE CLOTHING. 


UNUSUAL FIRE & EXPLOSION WAZAROS: ACIO REACTS WITH MOST METALS TO RELEASE 
HYOROGEN GAS WHICH CAN FORM EXPLOSIVE MIXTURES wITH AIR. 


SECTION V-HEAL TH HAZARO OCATa 


PERMISSIGLE EXPOSURE LEVEL 2 PPRm 
THRESHOLO LIMIT VALVE 2 PPM 
EFFECTS OF OCOVEREXPOSURE: FOR PROODVET 


Ev€s - CAUSES SEVERE CAMAGE ANS EVEN BLINONESS VERV RAPTOLY. 

SKIN - CAUSES SURNG, POSSIBLE CEEP ULCERATION. 

BREATHING - OF FUMES CAN CAUSE DAMAGE TO NASAL AND RESPIRATORY PASSAGES. 
BWALLOWING - RESULTS IN SEVERE OCaNMAGE TO MUCOUS MEMBRANES ANO OEEP TISSUES. 


FIRST ato: 


ZF ON SKIN: IMMEOITATELY FLUSH EXPOSED AREA WITH WwaTeR FOR AT LEAST 1S MINUTES, 
GET MEDICAL ATTENTION. REMOVE CONTAMINATED CLOTHING. LAUNCER CONTAMINATED 
CLOTHING BEFORE RE-USE. 


7 OTSCaRG CONTAMINATED SHOES. ) 
ZF IN EC€VES: IMMEDIATELY FLUSH WITH LARGE AMOUNTS OF WATER FOR AT LEAST 15 
-) MINUTES, LIFTING VPPER ANO LOWER LIOS OCCCASIONALLY. GET ImMMEOTATE MEOICAL 
aTTENTION. 
IF PHYSICIAN IS NOT IMMEOCIATELY AVAILABLE, CONTINUE FLUSHING wSITH waTER. 
GO NOT USE CHEMTCAL ANTIOOTE. 


ZF SwWALLOwED: CGO NOT INOUCE VOMITING. VOMITING WILL CAUSE FURTHER SCAMAGE TO 


COPYRIGHT 1977 CONTINUED ON PAGE: 2 





MATERIAL SAFETY OIVISION OF ASHLANG OM ING. Ashland, | - 
= DATA SHEET . BOX 2279. COLUMBUS, CHIO 43216 1614) 889-3333 =” 
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SECTION V-HEALTH HAZARO OATA (CONTINUED) 


THe THROAT. OILUTE BY GIVING WATER. GIvEe MILK OF HAGNESTIA. KEEP WARM, 
eurerT. GET MEOICAL ATTENTION IMMEOTATELY. 


IF BREATHEO: IF AFFECTED, REMOVE INOIVIOVAL TO FRESH AIR. IF BREATHING ZS 
OIFFICULT, ADMINISTER OXYGEN. IF BREATHING HAS STOPPED GIVE ARTIFICIAL 
RESPIRATION. KEEP PERSON WARM, QUIET ANO GET MEOTCAL ATTENTION. 


BECTION vVI-REACTIVITY BATA 


HAZAROOUS POLYMERIZATION: CANNOT OCCUR 
BSrYaesrturry: STABLE 


SNCOMPATABILITY: AVOTO CONTACT WITH:, BSTRONG ALKALIES., ORGANIC MATERIALS, 
REOVCING AGENTS 


x 
eerenre2orereorcrar er eceewteaowteceececocoeceeeeceteeceeraec wert eeeceeseceeweeceecececeecec cee eo ee co coe eo @ o @ @ @ oo @ © © oo 


BSESCTION vVITI-SPILL OCR LEAK PROCESURES 


any 
STEPS TO BE TAKEN IN CASE MATERIAL IS RELEASED OR SPILLEO: 


SMALL SPILL: COVER THE CONTAMINATED SURFACE WITH SOOIUM BICARBONATE OR A SODA 
ASH/SLAKEO LIME MIXTURE (€S0-SO). MIX ANO ADO WATER IF NECESSARY TO FORM A 
SLURRY. SCOOP UP SLURRY ANO WASH SITE WITH SODA ASH SOLUTION. 


LARGE SPILL: ELIMINATE ALL IGNITION SOURCES (FLARES, FLAMES INCLUDING PILOT 
LIGHTS, ELECTRICAL SPARKS). PERSONS NOT WEARING PROTECTIVE EQUIPMENT 
SHOULO BE EXCLUCGED FROM AREA OF SPILL UNTIL CLEAN-UP HAS GEEN COMPLETED. 
STOP SPILL AT SOURCE, GOIKE AREA OF SPILL TO PREVENT SPREADING, PUMP LreUurD 
TO SALVAGE TANK. REMAINING LI@UIO MAY BE TAKEN UP ON SAND, CLAY, EARTH, 
FLOOR ABSORBENT, OR OTHER ABSORBENT MATERIAL ANO SHOVELED INTO CONTAINERS. 


WASTE OTSPOSAL METHOS: 


SMALL SPILL: FLUSH GOWN ORAIN WITH LARGE AMOUNTS OF WATER IN ACCORDANCE WITH 
APPLICABLE REGULATIONS. 


LARGE SPILL: COLLECT AND AOD SLOWLY TO LARGE VOLUME OF AGITATED SOLUTION oF 


SOGA ASH ANO SLAKEO LIME. AOD NEUTRALIZED SOLUTION TO EXCESS RUNNING WATER 
IN ACCOROANCE WITH APPLICABLE REGULATIONS. | Pm 


SECTION vVIII-PROTECTIVE EQUIPMENT TO BE USED 


Pe 2 OOS CO OC 6 WEDS DTISP 2 S'S © 6 6'S'S 65 2:6 0 06S SS CSC OSEESCED EOS Oe OOS ee SS mle oe aw a ae a a te eae 


RESPIRATORY PROTECTION: IF TLY OF THE PRODUCT OR ANY COMPONENT IS EXCEEOCEO, Aa 
NIOSH/MSHA JOINTLY APPROVED AIR SUPPLIYED RESPIRATOR IS AOVISED IN ABSENCE 
OF PROPER ENVIRONMENTAL CONTROL. OSH& REGULATIONS ALSO PERMIT OTHER 
NIOSH/MSHA RESPIRATORS UNDER SPECIFIED CONOITIONS. (SEE YOUR SAFETY 


EQUIPMENT SUPPLIER). ENGINEERING OR ADMINISTRATIVE CONTROLS SHOULD BE 
ZTPMPPLEMENTED TO REDUCE EXPOSURE. = 


VENTILATION: PROVIOE SUFFICIENT MECHANICAL (GENERAL ANO/OR LOCAL EXHAUST > 
VENTILATION TO MAINTAIN EXPOSURE BELOW TLV(S8). 


PROTECTIVE GLOVES: WEAR RESISTANT GLOVES SUCH 43:, NEOPRENE, POLYVINYL CHLORIDE 


EVE PROTECTION: CHEMICAL SPLASH GOGGLES AND FACE SHIELD (87 MIN.) IN COMPLIANCE 
WITH OSHA REGULATIONS 4RE AOVISED; HOWEVER, OSHA REGULATIONS ALSO PERMIT 
OTHER TYPE GAFETY GLASSES. (CONSULT YOUR SAFETY EQUIPMENT SUPPLIER) 


OTHER PROTECTIVE EQUIPMENT: TO PREVENT SKIN CONTACT, WEAR IMPERVIOUS CLOTHING 
4aNG sBooTs. 


SECTION IX-SPECIAL PRECAUTIONS OR OTHER COMMENTS 


AGOITION TO WATER RELEASES HEAT WHICH CAN RESULT IN VIOLENT BOILING ANO 
SPATTERING. A2LwWAVS ADO SLOWLY ANDO IN SMALL AMOUNTS. NEVER USE HOT WATER. 


CONTAINERS OF THIS MATERIAL MAY BE HAZARDOUS WHEN EMPTIED. SINCE EMPTIED 
CONTAINERS RETAIN PROOUCT RESIOVES (VAPOR, LI@UIO, ANOZOR SOLIO), ALL 
HAZARGO PRECAUTIONS GIVEN IN THE GATA SHEET MUST BE OBSERVED. 


THE INFORMATION ACCUMULATED HEREIN IS BELIEVED TO BE ACCURATE BUT IS NOT 
. WARRANTED TO BE WHETHER ORIGINATING WITH ASHLANO OR NOT. RECIPIENTS ARE 
20vISEO TO CONFIRM IN AOVANCE OF NEED THAT THE INFORMATION IS CURRENT, 
APPLICABLE, 42NG SUTTABLE TO THEIR CIRCUMSTANCES. 
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MERCURY (Metal) 


QUICKSILVER 


EXCEPTIONAL CONTACT HAZARD - READ MATERIAL SAFETY 
DATA SHEET. MAY BE FATAL IF SWALLOWED OR INHALED. 


EMITS TOXIC VAPORS, ESPECIALLY WHEN HEATED. 
Do not get in eyes, on skin, on clothing. Do not breathe dust. 
Keep in tightly closed container. Use with adequate ventilation. 
Wash thoroughly after handling. 


EFFECTS OF OVEREXPOSURE: Inhalation of vapors may cause coughing, chest pains, nausea and 
vomiting. Chronic effects of overexposure may include kidney and/or liver damage and central 
nervous system depression. Chronic effects of mercury poisoning include a buildup of the metal 
in the brain, liver and kidneys. Symptoms include headache, tremors, loose teeth, loss of appetite, 
blisters on the skin and impaired memory. 

FIRST AID PROCEDURES: If swallowed, if conscious, immediately induce vomiting. If inhaled, remove 
to fresh air. If not breathing, give artificial respiration. If breathing is difficult, give oxygen. In 
case of contact, immediately flush eyes or skin with plenty of water for at least 15 minutes while 
removing contaminated clothing and shoes. Wash clothing before re-use. 

Consult MSDS for further hazardous information and instructions. CAS NO. [7439-97-64] 








POISON! DANGER! 


LIQUID AND VAPOR CAUSE SEVERE BURNS - 

MAY BE FATAL IF SWALLOWED. HARMFUL IF INHALED AND MAY CAUSE 
DELAYED LUNG INJURY. STRONG OXIDIZER - CONTACT WITH OTHER MATERIAL 
MAY CAUSE FIRE. SPILLAGE MAY CAUSE FIRE OR LIBERATE DANGEROUS a 

ith clothing and other combustible materials. Do not get in eyes, on Skin, 

ree aametDa bat breathe pie Keep in tightly closed container. Use onty with adequate 

ventilation. Wash thoroughly after handling. When handling, use proper protective equipment. 
EFFECTS OF OVEREXPOSURE: Liquid cause severe burns to skin and eyes. Inhalation of vapors may 
cause pt irritation of the respiratory system. Inhalation of vapors may cause coughing, chest pains, 
difficulty breathing, or unconsciousness. Ingestion may be fatal. 22 ee 
RES: If swallowed, do NOT induce vomiting. Give water, milk, Of MUK Of ¢ 
Fer enna Wo tech air. H not breathing, give artificial respiration. If breathing is difficult, grve axygen. 
in case of contact, immediately flush eyes or skin with plenty of water for at least 15 minutes while removing 

contaminated clothing and shoes. In all cases, contact a physician. 

Consult MSDS for further health and safety information. CAS NO. [7697-37-2] 
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Mercury Spill Cleanup Kit | ie 
Material Safety Data Sheet epee te Cena oe Ve - 


identity (rade Name As Used On Label) 














Lab Safety Supply, Inc. N/A 
Manufacturer MSDS Number* 
P.O. Box 1368 N/A 
Address CAS Number* 
Janesville, WI 53547-1368 5-16-96 
Date Prepared 
608-754-2345 N/A 
Phone Number (For Information) : Prepared By* 
608-754-2345 Note: Blank spaces are not permitted. If any item is not applicable, or .o 


information is available, the space must be marked to indicate that 


Emergency Phone SS ee = ene Te ey aie 
| SECTION 1 - MATERIAL IDENTIFICATION AND INFORMATION a 


CONN i icine Name & Common sepa ae ACGIH OTHER LIM 

tviatandoes schon preater; Carcinozens 0.1% : Bere TL AOCEMENDED i 

Granular Metal (Non-regulated * =a N/A ae 
smg/m? pists | 


Ne) 
> 
1 
\O 
OV 


15mg/m> Total Dust ie 


/A N/A 


Smg/m> Respirable Dust ie 
15mg/m- |Total Dust 


f- 
1 
ON 
a 


Carboxylic Acid * 


j 


= * Above components are a Trade Secret. 


Non-Hazardous Ingredients 





she * 
dy, 


TOTAL 

| SECTION 2 - PHYSICAL / CHEMICAL CHARACTERISTICS ee 
Ponte NLA i peered sie Bulk Density 2.35gm/cc tae 
iahorand "Jemperature) N/A ae N/A ae 
Vapor Density N/A ee Rate oe N /A hos 





(Air = 1) 


apron Moderate ee Hydrogen may be released con 
Fs SOR a ie 

mses Gray granular solid ee 

| SECTION 3 - FIRE AND EXPLOSION HAZARD DATA < 


Auto-Ignition Flammability Limits in 
Temperature N/A Air % by Volume N/A 














Flash Point and : 2 
Method Used N/A 


Extinguishe A F , is 
Medic ; COs or dry chemical (Do not use water - water will react violently with m n 
mater 


Special Fit® 
Fighting Procedures None 





Unusual Fire and 
Explosion Hazards None ay 


= -_ 


a 
+ | SrCTION 4 - REACTIVITY HAZARD DATA | 


STABILITY Conditions 

(% Stable To Avoid N/A 
(J Unstable 
incompatability Oxidizing agents, acids, bases, hadogens, reducing agents, amines, 


(Materials to Avoid) chlorinateda sclvents, Suizur 


Hazardous : : 
Decomposition Products “ay release carbon monoxide, carbon dioxide 
Conditions 


HAZARDOUS POLYMERIZATION 




















May Occur To Avoid N/A 
Will Not Occur 
SECTION 5 - HEALTH HAZARD DATA 
PRIMARY ROUTES £0 inhalation OC Ingestion CARCINOGEN OO NTP ( OSHA 
OF ENTRY D Skin Absorption () Not Hazardous LISTED IN CI IARC Monograph =“ Not Listed 
HEALTH HAZARDS Acute irritation to eyes. nose, throat, metallic taste in mouth, flu like 
Chronic chromosomal anomalies 1 euxocytes reported, Arthritic lameness and 
6 Amma 10n or pastroi = ore - = PDO =i6 0 anim2 : die 
ot Cipeaes Geel Irrication of nose, throat and eyes 
Medical Conditions 
Generally Aggravated b re N/A 
EMERGENCY FIRST AID PROCEDURES - Seek medical assistance for further treatment, observation and support if necessary. 
Eye Contact 


Flush eyes with plenty of water for at least 15 minutes 





Skin Contact’ Plush with plenty of water 


ne O_O 





{ i 2 e e e a 
Inhalation =“ Remove to fresh air, seek medical attention immediately 





hagestion Dilute with plenty of water seek medical attention immediately 


Pigs Side as ee ee ee eS ee er eee PE 
SECTION 6 - CONTROL AND PROTECTIVE MEASURES 


Respiratory Protection Use nuisance st sk at dust_levels over ]5m m> 3M 9908 it 
(Specify Type) may y be etn tor Sh for Raakace clean up proce ane. : iE Ege whos 


Protective Gloves Eye Protection 


Polvethylene, rubber or PVC Safety glasses recommended 


" VENTILATION C) Local Exhaust {*] Mechanical (general) . OC) Speciat 
TO BE USED 


Other (specify) 


Other Protective : h 

Clothing and Equipment None required in normal use 
Hygienic Work 

Practices Wash hands after use 


SECTION 7 - PRECAUTIONS FOR SAFE HANDLING AND USE / LEAK PROCEDURES 
aoc 


Steps to be T. If Material i , y, : 
Is Spi yy Pee aecs Sweep up material and place in waste disposal container 


Waste Disposal HEECUEY free material may “be container "ized —and-disposed-of-in licensed Tandfir in license | 
Methods Dispose of mercury containing material in accordance with local, State and 


“Federal regulations for hazardous waste 





Precautions to be Taken 


er ee ee 
in Handling and Storage Store in cool dry place, away from incompatable materials e 


Other Precautions and/or Special Hazards 
RS N/A 


a heen ee err td Oe 















NFPA 


Rating* Health_V_ 0 Flammability! Reactivity__* 1 Special * Health____ Flammability____ Reactivity _ Personal Protection___ 


*Aatinnal © Convripht 1986, Science Related Materials, Inc. All Rights Reserved.  —~ Reorder No. 2217-2 
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MATERIAL SAFETY DATA SHEET OES I ps 


nash radadradet Se / ; : DATE PREPARED: 2/10/89 
POST 81 
TRUSSVILLE, ALABAMA 35173-0081 HALON Fire Extinguishers SUPERSEDES: 6/22/88 


RESPONSIBLE PERSONS: SAFETY AND HEALTH DEPARTMENT . 
TELEPHONE: (205)655-3271 


IDENTIFICATION 


PRODUCT NAME: HALON 1211 
SYNONYMS:  Bromochlorodifiuoromethane, BOF - 


HAZARDOUS INGREDIENTS 


Ae 2 ees = 


MATERIAL CAS NO. OSHA PEL ACGIH TLV 
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PHYSICAL AND CHEMICAL CHARACTERISTICS 


BOILING POINT ( F): 26 SPECIFIC GRAVITY (H,O= 1): 1.83 (liquid) VAPOR PRESSURE(MM HG): 778 @ 60 F 











PERCENT VOLATILE (%): 100 VAPOR DENSITY(AIR = 1): 5.7 EVAPORATION RATE: High 


SOLUBILITY REACTIVITY 
IN WATER: None IN WATER: NA 
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FLASH POINT( F): None AUTO IGNITION TEMPERATURE ( F): NA FLAMMABLE LIMITS IN AIR BY VOL: NA 
EXTINGUISHER MEDIA: None. This material is an extinguishing agent. ; 


SPECIAL FIRE FIGHTING PROCEDURES: Self-contained breathing apparatus with full facepiece and protective clothing when re-entering 
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UNUSUAL FIRE AND EXPLOSION HAZARDS: When Halon 1211 is discharged onto a fire, it decomposes above 900 F, releasing bromide ions, 
the extinguishing agent. Halogen compounds, such as halogen acids, are also formed. These by-products, although harmful if inhaled, are 
easily detected. Only a few PPM create an unpleasant, acrid odor which serves as a warning to the user. After the extinguisher is discharged, the 
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PHYSICAL HAZARDS 
STABILITY: Stable CONDITIONS TO AVOID: Decomposes under fire conditions 
INCOMPATIBILITY (MATERIALS TO AVOID): Active metals such as powdered alumina and magnesium and fires of metal hydrides 
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carbonyl halides. 
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HEALTH EFFECTS AND FIRST.AID. .. 





EFFECTS OF ACUTE OVEREXPOSURE FOR PRODUCT: 







EVE The liquid form of this material can produce chilling sensations and discomfort. . 

SKIN: Evaporation of liquid from the skin can produce chilling sensations. 

BREATHING: Exposures for more than a few minutes above 4% (17 Ibs/1000 cu. ft. air) concentration can produce dizziness, 
impaired coordination, and cardiac effects. 

SWALLOWING: Not likely to occur since this material is a gas at room temperature. - 










FIRST AID: 
IF IN EYES: Flush with water for 15 minutes. If redness, itching, or a burning sensation develops, have eyes examined and treated 











by medical personnel. 
IF ON SKIN: Wash with soap and water. ff redness, itching, or a buming sensation develops, seek medical attention. 
IF BREATHED: Remove victim to fresh air. tf cough or other respiratory symptoms develop, consult medical personnel. 
IF SWALLOWED: Give 1 or 2 glasses of warm water to drink and seek medical attention. 


PRIMARY ROUTES OF ENTRY: Eyes, Skin Contact, Breathing 


MEDICAL CONDITIONS GENERALLY AGGRAVATED BY EXPOSURE: in susceptible individuals, cardiac sensitization to circulating epinephrine 
compounds can result in potentially fatal heart arrhythmias. 


EFFECTS OF CHRONIC OVEREXPOSURE FOR PRODUCT: Unknown 


PRODUCT LISTED AS CARCINOGEN OR POTENTIAL CARCINOGEN: 
NATIONAL TOXICOLOGY PROGRAM [ ] YES IARC MONOGRAPHS [ ] YES OSHA [ ] YES 
(X] NO [X] NO [x] NO 















CONTROL MEASURES AND PROTECTIVE EQUIPMENT 


SPECIAL PRECAUTIONS AND SPILL/LEAK PROCEDURES 


PRECAUTIONS TO BE TAKEN IN HANDLING AND STORAGE: Store in a cool area with good ventilation. Keep vapors away from high 
temperature surfaces to avoid toxic and corrosive decomposition products. 


OTHER PRECAUTIONS: Enforce “No Smoking’ rules in areas of use. 
STEPS TO BE TAKEN IN CASE PRODUCT {S RELEASED OR SPILLED: Ventilate spill area and recover any liquid. 
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ORE RESERVE CALCULATION 


LEIGH A. READDY 
Davip S. BOLIN 
GRAHAM A. MATHIESON 


INTRODUCTION. 


The estimation of ore reserves is a process that be- 
gins with the earliest exploration stages on a property 
and continues throughout any subsequent evaluation and 
exploitation of the deposit. During exploration and pre- 
liminary evaluation, the results of these reserve estimates 
constitute the basic data for prefeasibility studies and 
economic analysis. The decision to continue explora- 
tion and development or to abandon a prospect is often 
based upon these studies. 

During the active life of a mine, reserve computa- 
tions are continuously revised to assist in development 
planning, cost and efficiency analyses, quality control, 
and improvement of extraction and processing methods. 
Accurate reserve estimates are also required when fi- 
nancing a project, purchasing or selling a property, and 
for accounting purposes such as depletion and tax 
calculation. 

It is important to remember that the reliability of ore 
rescrve estimates varies progressively through time as 
more and more information becomes available. The 
lowest order of reliability of estimation of reserves exists 
at the time of discovery. The maximum level of cer- 
tainty concerning the ore reserves within a deposit is 
reachcd when the deposit is completely mined out. Be- 
tween these two extremes are variable levels of certainty 
as to the tonnage and grade of the resource. This is par- 
ticularly true of that portion of the mineral resource that 
constitutes the “minable reserve.” as this portion is de- 
pendent upon economic as well as geological and tech- 
nological factors. 

In the following discussion, several of the factors 
affecting ore reserve computation and some of the com- 
monly uscd methods of calculation are presented. The 
first part of the discussion is confined to classical meth- 
ods of hand calculation utilizing level maps and sections. 
The second part of the discussion presents an overview 
of somewhat more sophisticated methods of geostatistics 
which have been developed within recent years. Geo- 
Statistical methods frequently provide the best ore re- 
serve estimates for many deposits. However, a digital 
computer is required for such geostatistically derived 
estimates due to the number and complexity of the com- 
putations involved. For many properties the classical 
nongeostatistical methods are adequate, particularly in 
the carly exploration stages. In fact, it is the author’s 
contention that even at those properties where the geo- 
Statistical approach is employed for reserve estimation, 
the gcological and engineering staffs should prepare an 
estimate by traditional means. This provides an inter- 
nal audit for the reserves and at the same time requires 
a continuing close appraisal of geologic problems that 
influence the presently known gcostatistically estimated 
reserves and production at the mine. 


\ 
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CLASSIFICATION OF ORE RESERVES 


The definition and classification of ore reserves has 
varied over the period of development of the modern 
mining industry. “Ore” is generally understood to be 
any naturally occurring, in-place, mineral aggregate con- 
taining one or more valuable constituents which may be 
recovered at a profit under existing economic conditions. 
This definition ignores special situations, such as war- 
time production, or those cases when an otherwise un- 
profitable deposit may be exploited for political or social 
reasons. 

Ore reserves are classified with respect to the confi- 
dence level of the estimate. Traditionally, ore reserves 
have been classified as proven (measured), probable 
(indicated), possible. and inferred. Historically, proven 
ore has been regarded as that which is “blocked out,” 
i.e., measured, sampled, and assayed on four sides; prob- 
able ore as blocked on three sides; possible ore as 
blocked on two sides; and inferred ore as ore grade 
material that is known on only one side. 

More recently, the US Bureau of Mines (USBM) 
introduced the following ore reserve classification: 


Measured Ore 


Measured ore is ore for which tonnage is computed from 
dimensions revealed in outcrops, trenches, workings, and 
drill holes, and for which the grade is computed from 
the results of detailed sampling. The sites for inspec- 
tion, sampling, and measurement are so closely spaced 
and the geologic character is so well-defined that the 
size, shape, and mineral content are well established. 
The computed tonnage and grade arc judged to be ac- 
curate within limits which are stated, and no such limit 
is judged to differ from the computed tonnage or grade 
by more than 20%. 


Indicated Ore 


Indicated ore is ore for which tonnage and grade arc 
computed partly from specific measurements, samples, 
or production data and partly from projection for a rea- 
sonable distance on geologic evidence. The sites avail- 
able for inspection, sampling, and measurement arc too 
widely or otherwise inappropriately spaced to outline the 
ore completely or to establish its grade throughout. 


Inferred Ore 


Inferred ore is ore for which quantitative estimates are 
based largely on a broad knowledge of the geologic char- 
acter of the deposit and for which there are few. if any, 
samples or measurements. These estimates are based on 
an assumed continuity or repetition for which there is 
geologic evidence: this evidence may include compari- 
son with deposits of similar type. Mineral bodies that 
are completely concealed may be included if there is 
specific geologic evidence of their presence. Spccific es- 
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timates of inferred ore usually include a statement of the 
special limits within which the inferred ore may occur. 

The traditional classification system has been par- 
ticularly applicable to tabular vein or bedded-type de- 
posits. This results from normal mine practice for such 
deposits, which is to develop the deposit by a system of 
rectangular blocks, the boundaries of which are defined 
by drifts and raises. Prior to extraction, the vein is ex- 
posed on all sides and may be sampled in detail. In more 
recent years, the underground mining of large deposits 
of indefinite shape, such as porphyry copper deposits, 
has led to an increasing reliance on diamond drill-hole 
data to define ore continuity. Prior to mining of these 
deposits, however, it is still common practice to do a 
limited amount of underground development. This un- 
derground development serves to obtain sample infor- 
mation, including large bulk samples for metallurgical 
testing, as well as provide additional detailed geological 
and enginecring data for ore reserve estimation and 
verification. 

By the time a deposit is ready for development, there 
usually cxist two ore reserve estimates: a geologic re- 
serve or total resource estimate, and a mining ore re- 
serve. The geologic reserve is an estimate including all 
known mineralization above a certain grade within the 
deposit. However, the geologic reserve figure may or 
may not be associated with a specific mining cutoff 
grade. The mining reserve constitutes that portion of 
the gcologic reserve that can be mined and processed at 
a profit. The mining reserve is always less than or equal 
to the geologic reserve estimate. This results because a 
variable proportion of the ore body must be left un- 
mined for a varicty of reasons. These reasons include 
the nced for pillars for ground support. metallurgical 
problems, width of mineralization, or other economic 
and engineering factors. 


ORE RESERVE PARAMETERS 


An ore reserve estimate contains two important pa- 
rameters: the amount of ore and the average grade or 
value of that ore. In metal mines, the amount of ore is 
usually expressed in either metric tons (1000 kg) or 
short tons (2000 Ib). Grades are normally expressed as 
‘i percentage for base metal ores, whereas precious met- 
uls may be reported as troy ounces per ton, pennyweights 
per ton. or grams/ metric ton. The reporting system used 
depends upon the geographic location of the deposit 
and/or company policy. It is also fairly common in old 
reports to find gold and silver values stated in dollars. 
This practice makes the utilization of this data difficult 
unless the conversion prices are given in the report. An- 
other doubtful practice, common in some countries. is to 
Stale reserves simply as contained metal, i.e., pounds of 
uranium oxide or fine tons of tin. While these figures are 
sometimes useful for certain economic analyses, they 
provide little useful engineering information and consti- 
tute a resource statement rather than an ore reserve 
estimate. 

The calculation of the tonnage and grade of a de- 
posit requires the collection and documentation of a con- 
siderable amount of data. These data include accurate 
ussay information, plans and sections, details of ore con- 
trols, the tonnage factor, applicable cutoff grade to be 
used. potential mineral recovery, and enginecring details 


such as minimum mining width and anticipated dilution. 
Each of these items is discussed in the following sections. 


Grade Determination 


The average grade of an ore deposit or of a specific 
block within a deposit is based on assays of samples col- 
lected within the block or deposit. The collection, prepa- 
ration, and analysis of these samples is often the single 
most critical operation in evaluation of the reserves for 


a mineral property. Sampling theory and practice con-. 


stitutes a complex subject in its own right and only some 
of the more important points are touched upon in the 
following summary. (For further information, the fol- 
lowing references should be consulted: Forrester, 1946; 
McKinstry, 1948; Gy, 1968; Cummins and Given. 1973; 
Koch and Link, 1970, 1974; David, 1977; Barnes, 
1980). 

Cutoff Grade: Associated with the definition of ore 
grade is the concept of cutoff grade. The cutoff grade is 
the minimum ore grade which can be mined at a profit 
under economic conditions existing at a particular point 
in time. The cutoff grade can vary with time due to 
changes in such factors as commodity prices, operating 
costs, and taxes. The cutoff grade used for any reserve 
calculation should always be stated. 

Sampling: Sampling of an ore deposit is a process of 
approximation. The objective is to arrive at an average 
value for the samples which most closely represents the 
true average value for the body in question. The im- 
portance of attention to detail during the sampling pro- 
gram becomes apparent when it is realized that in the 
case of a very well-sampled block of ore from a vein- 
type deposit, the actual sample volume may only repre- 
sent about 0.25% of the block. In other cases, such as 
the sampling of a porphyry copper deposit by diamond 


drilling, the sample volume may constitute only about ~ 


0.004% of the ore body. In order to obtain the most 
accurate grade estimation, it is imperative that the sam- 
pling crews and procedures be carefully monitored by 
members of the geological and engineering staff. 

Channel Sampling: The classical method of sampling 
an ore deposit consists of cutting a relatively precise 
channel of constant depth and width across the exposed 
width of the vein. These samples may be cut with a 
hammer and chisel or air hammer, and the chips col- 
lected on a canvas sheet spread on the floor of the work- 
ing. The samples are collected across the full width of 
the vein, or at some uniform fixed length in wide or 
indefinite zones. In complex veins, any identifiable sub- 
divisions should be sampled separately. Samples are col- 
lected in a consistent manner throughout the deposit. 
These may be taken at right angles to the contacts and 
dip of the vein, or if this is impractical. measured sam- 
ple vein widths can be corrected to true widths by simple 
trigonometry. However, in regular dipping bodies the 
sample can be collected as a horizontal channel across 
the zones since vertical height of projection times hori- 
zontal width is equal to true width times true length. 
The important thing is that the samples are collected in 
a consistent manner and that any local variation or 
change in the sampling practice is recorded. If possible, 
samples should be collected at regular intervals along the 
working. Samples can be taken from either the face. 
rib, or back of the workings. 


Preferably the working area to be sampled should be 
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washed down or at least brushed clean before sampling 
begins. This is done to reduce the potential for contami- 
nation of the sample by muck and loose fragments on 
the face being sampled. The sample area should be 
chipped clean and rough projections removed. 

The location of the sample is then marked on the 
face, rib, or back using a can of spray paint or chalk 
line. If the sample channel is to be broken into several 
parts representing distinctly different portions of the vein 
or mineralization, these should also be marked on the 
face. A drawing and, if possible, a photograph of the 
area being sampled provide additional documentation. 
This is particularly important where the sample is col- 
lected from a surface that will be mined or covered by 
support materials. Such records are of considerable 
value when it becomes necessary to reinterpret the cor- 
relation of mineralization if the sample site has been 
removed from access by other mining activity. 

Following marking of the sample site, a clean canvas 
tarp is spread beneath the sample area. The sample is 
then chipped out along the marked line and the frag- 
ments and fine material collected on the tarp. When the 
sample cutting has been completed, the material is ho- 
mogenized by “rolling” the sample back and forth on 
the tarp. The sample is then split, if necessary, and put 
into plastic or cloth bags. Sample numbers and tags are 
then prepared and placed inside the bag. 

While channel sampling probably provides the most 
accurate sample, the process is laborious, time-consum- 
ing, and expensive. In many cases satisfactory results 
may be obtained by “chip channel” sampling. In this 
method, the samples are laid out as for channel sam- 
pling, but instead of cutting out a channel, a band about 
0.3 m (1 ft) wide is chipped with a geology pick, or 
hammer and chisel, across the width of the vein. An 
cflort should be made to keep a relatively constant sam- 
ple volume proportional to the widths of the vein. Care 
must be taken to collect approximately the same size 
chips across the zone being sampled. Chip points should 
also be as regularly spaced as possible. 

In some cases it will be necessary to reduce this vol- 
ume of the sample collected prior to sending it out for 
assay. It is common practice to make the first reduction 
at the mine, usually by the traditional method of “cone 
and quarter.” However, the average fragment size of a 
sample should be reduced prior to any splitting opera- 


tion. Several empirical methods for determining mini- 
mum fragment size with respect to type of mineralization 
are reported in the literature (Gy, 1968; Cummins and 
Given, 1973). Table 1 illustrates the data from onc of 
these methods (Cummins and Given, 1973). 

Diamond Drill Sampling: In recent years, as a re- 
sult of improvement in technology and equipment, dia- 
mond drilling has become increasingly important as a 
sampling method. During exploration, the core is usu- 
ally brought in from the drill, measured, weighed, and 
either split by a mechanical splitter or sawn length- 
wise with a diamond saw. Half of the core is sent 
out for assay and the remaining half logged by a 
geologist and stored for reference. During later stages 
of exploration and development, it has been the prac- 
tice at some properties to ship the entire core for assay, 
keeping only representative specimens or color photo- 
graphs for reference. 

Samples are usually collected at a constant interval 
down the length of the core although samples may be 
taken at shorter intervals through highly mineralized 
areas or veins. Often parts of the core known to be 
barren, or without visible evidence of mineralization, 
are not split or assayed. 

In any drilling program, areas are likely to be en- 
countered where drilling is difficult and core recovery 
is poor. In these zones it is common practice to col- 
lect samples of the drilling fluid, or sludge. McKinstry 
(1948) discusses various methods of integrating core 
and sludge analyses. 

Miscellaneous Sampling Techniques: Besides the 
sampling methods mentioned previously, there are vari- 
ous other techniques employed in specific situations. 
These methods include such procedures as random 
“grab” samples, such as sampling broken muck, and 
large bulk samples, usually collected in lots of a half ton 
or larger. Thesc large samples arc taken for mctallurgi- 
cal testing or to improve sample accuracy in deposits 
such as epithermal gold deposits. where ore mineral 
distribution is particularly erratic. 

Rotary or churn drill cuttings are utilized for sam- 
pling many types of industrial mineral deposits as well 
as disseminated-type metal ores. This drilling method 
is rapid and relatively low cost. The chips and fine 
material produced may be collected over uniform in- 
tervals, split if necessary, and bagged for analysis. The 


Table 1. Minimum Permissible Sample Weight for a Given Particle Size 
— eee eee 


Diam of Largest 


Pieces Very Low Grade Medium Rich or Spot 
or Very Uniform Ores, Ores, 

In.* Mesh Ore, Lb* Lb* Cbs 
_-ee ee Sees 
4 4,800 35,556 
2 1,200 8,889 51,200 
1 300 2,222 12,800 
0.5 75 556 3,200 
0.25 19 139 800 
0.131 6 Wi be 38.1 220 
0.065 10 1.29 9.5 55 
0.0328 20 0.322 2.37 13.76 
0.0164 35 0.081 0.59 3.44 
0.0082 65 0.020 0.15 0.86 
0.0041 150 0.005 0.038 0.21 


* Metric equivalents: 1 in. x 25.4 = mm: 1 Ib x 0.453 592 4 = kg. After Cummins and Given, 1973. 


20 UNDERGROUND MINING METHODS HANDBOOK 


sampling of uranium and thorium deposits by radio- 
metric logging is a specialized technique and will not 
he discussed in this presentation. 

Assaying: Assaying may be done by a commercial 
laboratory or by an in-house company lab. In any case, 
4 certain percentage of the samples, usually a minimum 
of 10%, should be assigned a new sample number and 
resubmitted for a repeat analysis. This provides a 
check on the analytical precision of the laboratory. It 
is also recommended practice to send a percentage of 
the samples to a different laboratory for accuracy com- 
parison. Should there be any doubt as to the accuracy 
of the particular laboratory used, a few standard sam- 
ples, including a blank, should be submitted for analysis. 

Statistical Analysis of Sample Data: When the as- 
says have been received from the laboratory and the 
validity of the results has been satisfactorily established, 
it is often useful to make some simple statistical anal- 
yses of the data. Classical statistical techniques are 
based on two assumptions: that the samples are ran- 
dom and that the data have a normal distribution. The 
problem of obtaining random samples is somewhat dif- 
ficult to analyze. Samples collected from an ore de- 
posit are seldom statistically independent of one an- 
other. This is a factor which is used to advantage in 
the calculation of geostatistical ore reserves, a subject 
which will be discussed in detail in a later section. 

Severil statistical techniques are known to determine 
if sample data are random. One of the casiest to 
calculate is the sample volume-variance relationship 
(Hazen, 1967). If samples are available in several 
different volumes, for example, from drill holes of vari- 
ous diameters, then if the sample data are random, the 
following relationship should be true: 
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where S is sample variance for one discrete sample 
volume and V is sample volume. 

In many types of deposits, the fact that sample data 
are not random is not of serious concern. The results 
of the common statistical calculations may still be 
utilized while keeping in mind the bias introduced by 
the lack of statistical independence among the samples. 

A normal sample distribution is seldom fulfilled 
with geological samples, though the logarithms of the 
data often show a normal distribution. In order to 
examine the type of statistical distribution for a data 
set, a simple histogram of the sample data may be pre- 
pared as shown on Fig. 1. Fig. 1 also illustrates some 
of the sample distributions common to mineral deposit 
data. 

If an examination of the sample frequency distribu- 
tion as shown on a histogram indicates an approximate 
normal distribution, then the normal statistical param- 
eters may be calculated for the data set. The mean 
(average) variance and standard deviation calculated 
for the sample data should provide a reasonable ap- 
proximation of these parameters for the deposit or por- 
tion of the deposit which has been sampled. 

In those cases where examination of the sample 
distribution indicates a lognormal distribution, then the 
log parameters, geometric mean, and standard devia- 
tion should be calculated. The geometric mean will 
differ from the arithmetic mean, and in many types of 
deposits, particularly epithermal precious metal deposits, 
hydrothermal tin deposits as well as others, the geo- 
metric mean provides a more realistic approximation of 
true average grade for the deposit. 

The normal and lognormal distributions are two 
types commonly encountered in mineral deposit sam- 
pling. Various other distributions are known but are 


Fig. 1. Typical sample distribution. (a) 
Normal distribution, moderate variability, 
typical of some stratiform and massive 
sulfide deposits. (b) Normal distribution, 
low variability, found in certain industrial 
mineral, iron, and manganese deposits. (c) 
Lognormal distribution, common in many 
molybdenum, tin, tungsten, and precious 
metal deposits. (d) Bimodal distribution 
which may be produced by sampling two 
distinct ore types, or sampling across a 
zonation boundary in the mineralization. 


Grade —- % Me Grade-0,/T Ag 


(c) (d) 


S 


ORE RESERVE CALCULATION rag | 


beyond the scope of this discussion. For further in- 
formation, see Hazen (1967) and Koch and Link 
(1970-1971). 

If it can be assumed that the standard deviation of 
the samples provides a reasonable approximation of 
the standard deviation for the entire deposit popula- 
tion, then this figure may be used to establish a pre- 
cision on the grade estimate. The standard deviation 
is used to establish the standard error of the mean, 
5 = 5/VN, where s is the sample standard deviation and 
N is the number of samples. In order to establish the 
confidence interval, the standard error of the mean (s) 
is multiplied by the statistical factor #, usually referred 
to as students t, a function which is based on desired 
contidence limits and the number of samples. The ap- 
propriate values of ¢ for the desired confidence level 
may be found in any handbook of statistical tables. At 
the 95% confidence level and greater than 50 samples, 
the valuc for ¢ is approximately 2.0. Thus, if a particular 
set of 60 samples has a mean of 8.5% lead with a 
standard deviation of 1.2, then the confidence interval 
for the mean would be: 


16.0 
15.0 
14.0 


13.0 


10.0 


Fig. 2. Relationship between sample num- 9.0 

ber, standard deviation, and confidence in- 

tervals at the 95% confidence level (after 
Hazen, 1961). 


Standard Deviation (s) 


wept eee EEN 
Ch= 8.19 < 8:5.< 8781 


There is only one chance in 20 (5% probability) that 
the true grade lies outside the range of 8.19% to 8.81% 
Pb. 

Alternatively, the formula for the computation of 
confidence limits can be rearranged such that: 





and the formula can then be used to approximate the 
number of samples that are uscd to establish a required 
precision for the estimate of the mean. For example, 
in the USBM definition of proven ore, the grade deter- 
mination should be within 20% of the estimated value. 
If the calculation of a set of sample data indicates an 
average grade of 1.0% copper, then to be considered 
as proven, the grade must be between the confidence 


FI=- a5 0.10 
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limits of 0.8% and 1.20% copper. If the standard 
deviation of preliminary samples is 1.5, then: 
2X 1.5iN2 
= { ———_ | = 225 
as _ 0.4 
2 





If the preliminary sample consisted of 60 assays 
and produced a standard deviation of 1.5, then ap- 
proximately 225 samples will be required before the 
grade of the deposit may be considered as meeting 
proven ore reserve standards. In actual practice, the 
standard deviation, as well as the error of the mean, 
will decrease as the sample number increases. There- 
fore, the confidence intervals should be recalculated 
as cach group of samples comes in until the required 
precision is obtained. Peters (1978) illustrates an ex- 
ample of this same technique applied to a diamond 
drill program. Fig. 2, reproduced from Hazen (1961) 
is «a graph of the previous equation for the 95% 
confidence level, and may be used for rapid approxi- 
mations. For cxampie. using Fig. 2 and the previous 
data where there is a standard deviation of 1.5 and 
confidence limits of +0.2 are required, the expected 
number of samples is approximately 200, the same as 
for the original calculation. 

Valucs will be slightly different as the curves of 
Fig. 2 are calculated for exact values of t rather than 
the approximation of 2.0. 

Many other examples and applications of statistical 
techniqucs to ore sampling are available in the litera- 
ture. Some of the more recent include Koch and Link 
(1970, 1974); Peters (1978): Hazen (1961); Canadian 
Institute of Mining and Metallurgy (1968): David 
(1973); and Barnes (1980). Sinclair (1976) gives 
some interesting cxamples of application of cumulative 
probability graphs to sample analysis. 


Sample Weighting 


It is often necessary to compute a value for a com- 
Posite sample, developing a weighted average for un- 
equal sample widths or lengths. The method of such 





Fig. 3. Sample plan of a silver-lead vein. Metric equiva- 
lents: 1 in. x 25.4 = mm; 1 ft « 0.3048 = m. 


weighted sample calculation is illustrated in Fig. 3, 
which shows a series of samples collected from a vein 
exposure in a raise in a hypothetical lead-silver mine. 
Note that the samples are collected at right angles to 
the dip of the bed and, in this case, the vein is as- 
sumed to extend at right angles to the plane of the 
page. If for some reason it is impossible to collect 
samples across the true width of the vein, the measured 
width should be corrected to the true width by a simple 
trigonometric calculation as the true width will be 
needed for tonnage calculations. Normally, samples are 
collected at regular intervals with the interval depen- 
dent on the nature of the mineralization. Erratic min- 
eralization, such as is common in epithermal gold-silver 
deposits. requires sampling at much closer spacing than 
more regular deposits. Here, samples have been shown 
at irregular spacing to illustrate the principal of weight- 
ing for area of influence. For purposes of calculation, 
see Table 2. 

Discounting of Irregular High Grade Assay Sec- 
tions: Discontinuous or irregularly occurring high grade 
assays are frequently encountered in certain types of 
ore bodies. These may occur within a zone of slightly 
higher grade values or be encountered as a single ap- 
parently spurious value surrounded by the normal range 
of values. Examples of this phenomenon are commonly 
found in gold and silver deposits of all types, in vein- 


Table 2. Calculation of a Weighted Average 





Area of Width, 

Sample Influence, L, W, W x L, 
No. Et Ft Ft 
S-1 6.0 3.0 18.0 
S-2 re 2.5 18.75 
S-3 10.0 3.0 30.00 
HY 12.5 2.3 _ 28.75 
S-5 10.0 2.0 20.0 
S-4 5.0 2.6 13.0 
Total 51.00 15.40 128.50 

929.80 
A de Pb = -——— = 7.2% Pb 
verage grade 128.50 fo 
1 : 
Average grade Ag = eae = 11.9 oz Ag per st’ 
128.5 
Average thickness = an = 2.52 ft 





% Pb Oz*Ag/t PbxWxL AgxWxL 
6.4 11.3 115.20 203.40 
7.6 14.7 142.50 275.63 
5.6 8.6 168.00 258.00 
8.8 12.9 253.00 370.88 
8.2 13.7 164.00 274.00 
6.7 10.8 87.10 140.40 
929.80 1522.31 


“Metric equivalents: ft x 0.304 8 = m: oz x 0.028 349 52 = kg; st x 0.907 184 7 = t. 
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Fig. 4. Plan view of a gold vein. 
Metric equivalent: 1 ft x 0.3048 
= 


type uranium, tin and tungsten, as well as other deposits. 
Proper treatment of such anomalous high values is of 
particular importance in the high unit value com- 
modities. Improper or imprudent use of anomalously 
higher grade assay samples for the high unit value 
commodities could have a seriously misleading impact 
on the reserve estimate and value of the deposit. Asa 
general rule, if there is no correlatable zone of higher 
values, then the abnormally high assay should be re- 
duced to the value of the highest adjacent assay. If 
during mining there is a greater value present than 
that anticipated, all well and good. If, however, as 
mining progresses, the grade of mineral encountered 
is considerably lower than has been indicated using 
nondiscounted anomalous high values in the ore reserve 
process, this could result in serious operating losses. 
A method of adjusting a series of samples for erratic 
high grade intervals is shown in Fig. 4. 

In the next case, five crosscuts or horizontal drill 
holes cross a well-defined vein structure with three 
identifiable portions of the vein. This example could 
just as well be a vertical section through a tabular ore 
zone. 

The 0.6-m (2-ft) sample of 8.6 g (0.31 oz) gold 
per ton in cut four is considerably higher than the sam- 
ples surrounding it in cuts three and five or observed in 
samples in cuts one and two. To err on the side of 
caution, it should be discounted to either the value of 
the highest adjacent correlatable sample, i.e., 0.09 oz per 
ton in cut three or to the average of the adjacent cor- 
rclatable samples in cuts three and five,.(0.09 + 0.07 oz) 
/2 = 0.08 oz per ton. Whichever of these two procedures 
is used should be used consistently during the entire 
reserve calculation procedure. 


Tonnage Determination 


The calculation of tonnage for an ore deposit re- 
quires that the volume of the mineralized zone and the 
tonnage conversion factor are known. 

Volume Calculation: The volume of the mineralized 
zone is calculated by measuring the area of the min- 
eralization and multiplying the area by the correspond- 
ing thickness of material above cutoff grade. The area 
may be estimated by breaking the area into small, 
regular geometric figures and calculating the total area 
by geometry. For very irregular or curved areas, the 
area is most easily determined by planimetering. 

The measuring of areas by planimetering is an im- 
portant part of many ore reserve estimations. Unfor- 
tunately, all too often insufficient care or attention to 
detail is given to this aspect of reserve estimation. There 
are several problem areas in planimetering. One of the 
major problems is that for smaller areas, small measure- 
ment errors can become of sufficient magnitude to 
scriously affect the area measurement and thus the re- 
serve calculation. Another frequently encountered prob- 





lem is an erroneous reading of the planimeter. Both 
these problems are essentially eliminated by the plani- 
metering of all areas at least three times. A format that 
has proven exceptionally useful for recording and check- 
ing the accuracy (or reproducibility) of planimetering 
is shown in Fig. 5. 

This format provides for continued cross-checking 
of the results and develops a record of the relative 
reliability of the readings. All readings are made con- 
secutively without rezeroing the planimeter. This re- 
moves the initial random starting or missed zero error. 
Particular attention is given to zeroing the instrument 
at the start of planimetering of any one area. The area 
is then planimetered and the first reading recorded. 
The area is then replanimetered without rezeroing the 
instrument and the cumulative reading is recorded, as 
is the difference between this and the previous read- 
ing. This difference should be nearly identical to the 
first reading. The area is replanimetered a third time 
and the cumulative reading and difference recorded. 
The differences and the first reading should agree within 
at least 3%. If this criteria is not met, then yet an- 
other reading is taken and recorded along with the dif- 
ference and the previous single reading that is in obvious 
error is discarded. With reasonable care differences be- 
tween readings of 1% or less are possible for larger 
areas. 

Once the readings are acceptable in reproducibility, 
then the average of the readings is computed. This 
should approximate the first reading and the difference 
values. This average is then used to calculate the area. 
Two examples of reading sequences are shown in Table 
3. In the series on the right, reading No. | appears to 
be in error by comparison with differences. Discount- 
ing this initial reading, we have three readings totaling 
596 units and the average of 596/3 = 1986 should be 
used. 


Planimeter Reading Difference 
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Fig. 5. Suggested format for recording and checking 
planimeter readings. 
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Table 3. Examples of Planimeter Readings 


Acceptable After More 
Than Three Readings 


Acceptable Set of 
Three Readings 








Readings Difference Readings Difference 
1. 00197 00208 
00199 00199 
2: 00396 00407 
00197 -00200 
J. 00593 — 00607 
00804 00197 
Average: Average discounting 1st Reading: 
593 804 — 208 


SS 


Tonnage Factor Calculation: The tonnage factor 
provides the mechanism for the conversion from volume 
of ore to weight of ore. In the English system, the 
tonnage factor is normally expressed as cubic feet per 
ton of ore. In the metric system, the tonnage factor is 
the specific gravity of the ore. The tonnage factor is 
dependent upon the specific gravity of the ore, and the 
specific gravity is a function of the mineral composi- 
tion of the ore. Probably the most accurate method of 
determining specific gravity of an ore is to calculate 
an average specific gravity using specific gravities of 
individual minerals (Table 4), provided the relative per- 
centages of ore minerals present are accurately known. 
For example, if a massive sulfide ore is 10% galena, 
35% sphalerite, and 55% pyrite, the specific gravity 
would be: 


7.6 X 0.10 = 0.76 
4.1 X 0.35 = 1.44 
5.0 X 0.55 = 2.75 


4.95 = sp gr of ore 


The specific gravity of an ore may also be com- 
puted by weighing a core or specimen of the ore in 
air, then weighing the same sample suspended in water. 
The specific gravity is calculated by the following 
formula: 

5 = Wa 
Per Wa— Ww 
where Wa is weight in air and Ww = weight in water. 

If the ore volume has been computed in cubic me- 
ters, the volume multiplied by the specific gravity is the 
tonnage in metric tons directly. If working in the 
English system, the tonnage factor is calculated as fol- 
lows: 


Sp er X 62.5(lb per cu ft water) = Ib per cu ft ore 


2000 Ib per ton 


Tonnage factor =——__—__—_—_ 
S 1b per cu ft ore 
Tonnage factor = cu ft per ton 


For example, if a porphyry copper ore has a specific 
gravity of 2.8, then: 


2.8 X 62.5 (Ib per cu ft of water) = 175 Ib per cu ft ore 
2000 
175 


For purposes of ore reserve estimation a single, or 
even a few, samples of core or ore specimens, would 


Tonnage factor = 





= 11.43 cu ft per ton ore 


not be suitable. Specific gravity determinations would 
be made of both the mineralization and gangue from 
many drill hole and other samples. 

A third method of calculation, which is only oc- 
casionally employed but is preferred by the authors, 
is to carefully measure the volume of an excavation 
and weigh all the material extracted. The tonnage fac- 
tor is simply the volume of the excavation in cubic 
feet divided by the weight of the material recovered 


in tons. In reality, this bulk density procedure pro- . 


Table 4. Specific Gravity of Common 
Rocks and Minerals 





Specific Gravity 





Rocks 
Andesite 2.4-2.8 
Basalt 2.7-3.2 
Diabase 2.8-3.1 
Dolomite 2.7-2.8 
Gabbro 2.9-3.1 
Granite 2.6-2.7 
Gravel (dry) 1.6-2.0 
Limestone 2.7-2.8 
Rhyolite 2.2-2.7 
Sandstone 2.0-3.2 
Shale 1.6-3.0 
Schist 2.6-3.0 
Minerals 

Anhydrite 2.9 
Anglesite 6.3 
Argentite 7.3 
Arsenopyrite 6.0 
Barite 4.5 
Bauxite 45 
Bornite 49 
Calcite 2.7 
Cassiterite 7.0 
Cerussite 6.5 
Chaicedony 2.6 
Chaicocite 5.7 
Chaicopyrite 43 
Chromite 45 
Copper 8.8 
Covellite 4.6 
Cuprite 6.0 
Feldspar 2.6-2.8 
Fluorite 3.1 
Galena 76 
Gold 17.5 
Graphite 2.2 
Gypsum 2.3 
Hematite 5.2 
Molybdenite 4.8 
Muscovite 2.9 
Pentlandite 4.8 
Platinum 19.0 
Pyroxene 3.3 
Pyrite 5.0 
Pyrrhotite 4.7 
Quartz 27 
Scheelite 6.0 
Sericite 2.6 
Silver 10.6 
Smithsonite 4.4 
Sphalerite 4.1 
Stibnite 46 
Sulfur 2.1 
Uraninite 9.4 
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vides the most accurate tonnage factor possible for bulk 
material sampled. Other procedures do not allow for 
differences related to void spaces such as fractures. 


Problems are encountered with use of a constant 
tonnage factor where the deposit changes character in 
different portions of the body. In such cases, separate 
tonnage factors for each portion of the body must be 
calculated. For massive sulfide deposits and replace- 
ment deposits with simple mineralogy it is often pos- 
sible to prepare a nomograph relating tonnage factor 
to assay data. The tonnage factor used for ore is keyed 
to changes in the ore content and grade. 


Engineering Considerations 


Before proceeding with an explanation of various 
methods of reserve computation, a brief discussion of 
pertinent engineering factors is in order. 

Geological Considerations: In many instances, par- 
ticularly in the exploration stage of a project, it is 
common practice to project ore extensions based on geo- 
logic inference. These projections should never be 
extended across geological discontinuities such as faults, 
contacts, unconformities, fold axes, etc. until positive 
ore correlation data is available on both sides of the 
discontinuity. Preliminary drilling and other sampling 
will give an indication of the nature of ore boundaries, 
whether they are sharply defined or gradational. Lat- 
eral or vertical mineralogical zonation, development of 
discrete ore shoots, and other potential problems will 
become apparent as exploration work progresses. 

Mining and Metallurgical Recovery: Once the de- 
posit is reasonably well-defined as to its limits, shape, 
and character, consideration can be given to selection 
of an appropriate mining method, and then an estimate 
can be made concerning percentage extraction from the 
deposit. The portion of mineralization above the cutoff 
value that can actually be exploited constitutes the 
minable ore reserve. 


Metallurgical recovery may be a critical factor in 
the economic analysis of a property. However, it usually 
is used only in calculation of a cutoff grade during re- 
serve computation for a deposit. Any increase or de- 
crease in metallurgical recovery has the same effect as 
an increase or decrease in grade of ore mined. 

Dilution: Dilution is the unavoidable extraction of 
barren or below cutoff grade material along with the 
ore. In vein deposits the most common source of dilu- 
tion is blasting overbreak in the walls of the deposit. 
Dilution may be handled in various ways. In veins 
which have at least one gradational or “assay” wall, 
it is common to cut samples over the normal mining 
width and use an average grade and tonnage factor 
for the entire interval. In the case of narrow veins with 
sharp boundaries, when wall rock must be taken with 
the vein, the dilution may be calculated as follows: 


Ore block: 30.48 X 15.25 m (100 x 50 ft) 
Average width: 0.6 m (2.0 ft) 
Average grade: 10.0% Pb 
Tonnage factor: 9.0 cu ft per ton ore - 

12.0 cu ft per ton wall rock 
Minimum mining width: 0.9 m (3 ft) 


Ore tons: 100 x 50 k¥ 2.0+~9 =1111 tons 
Waste tons: 100 X 50K 1.0+12= 417 tons 
Total tons mined = 1528 tons 


eo 


Grade: 1111 XK 10.0% = 11,110 
417 X 0.0% = 00,000 


11,110 
11,110 
Diluted =—_—___ = 7. 
iluted grade 1,528 7.27% Pb 


In some instances, it is possible for dilution to drop 
a block of ore grade material below cutoff grade. In 
such instances, the block economically ceases to be ore 
and must be left until the cutoff grade is lowered, or 
greater selectivity in mining can be made, One com- 
mon practice with thin veins is to “double shoot” the 
vein—the vein is drilled, blasted, and removed, then the 
wall rock is blasted for fill. However, in such cases the 
mineral value in the ore mined and milled must cover 
the cost of blasting the waste material. 

As mentioned previously, there are various methods 
of accounting for dilution in mining. One technique 
which is not permissible should perhaps be mentioned. 
One of the authors once observed a case in which the 
average ore grade of a tin deposit was being upgraded 
when the vein width exceeded the minimum mining 
width. This is not acceptable engineering practice. 

Cutoff Grade: As stated before, the cutoff grade is 
the minimum grade that can be mined at a profit. As 
economic conditions change, the cutoff grade may in- 


crease or decrease. It is common practice to compute — 


the ore reserves of a mine for various cutoff grades 
and plot the results as a series of grade-tonnage curves. 
These curves should be updated regularly to aid in mine 
planning. 


METHODS OF CALCULATION 


In this section, several of the common traditional 
reserve calculation methods are explained and illustrated 
by simple examples. The methods discussed are calcu- 
lation by mining block, calculation by polygons, calcu- 
lation by triangles, and calculation by section. There 
are many other calculation methods which have been 
presented in the literature, although many are only 
somewhat sophisticated variations of the methods men- 
tioned previously. No one technique is universally ap- 
plicable to all deposits. Methods such as mining blocks 
and sections work well in steeply dipping veins and 
tabular deposits. whereas polygonal methods have found 
wide application to disseminated and flat-lying bedded 
deposits. The method selected for any particular deposit 
will be dependent upon the geological and engineering 
elements unique to each deposit and usually the ore 
reserves will be calculated several different ways as an 
internal audit. 

While simple computer programs may be written 
to handle any of the following calculation methods, all 
that is really required is the basic data, maps, scctions, 
a hand calculator or slide rule, and considerable pa- 
tience. More sophisticated computer-oriented methods 
such as interpolation using inverse distance weighting 
functions are available but not discussed in this presen- 
tation. A review of geostatistical methods is provided 
as an appendix. 


Calculation by Mining Block 


Fig. 6 shows the method of estimating the tonnage 
and grade of an ore block in a vein type mine. Samples 
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Fig. 6. Longitudinal projection of an ore block. Metric 
equivalent: 1 ft «x 0.3048 = m. 


have been assumed to be cut at regular intervals. The 
vein in this area is assumed to exceed the minimum 
mining width of 0.91 m (3 ft). The method of calcu- 
lation is simply an extension of the method of sample 
weighting illustrated in Fig. 3. 

Fig. 6 represents a block of ore between two levels 
30.5 m (100 ft) apart, and coordinates OOE and 250E. 
The upper figure in the block is the average thickness 
and the lower figure is the average grade in ounces of 
silver per ton. The tonnage factor is 9 cu ft per ton. 
The average grade and tonnage for the block is com- 
puted in Table 5. 


Calculation by Polygons 


The method of calculation by polygons is often used 
with drill-hole data. Polygons may be constructed on 
plans. cross sections, or longitudinal sections. The poly- 
gons, once constructed and ranked as to class of ore, 
are planimetered to determine the area of mineraliza- 
tion. The thickness of above cutoff grade mineralization 
is applicd to the entire polygon to establish the volume 
estimate. In this method, the average grade of min- 
eralization encountered by the sample point within the 
polygon is considered to accurately represent the grade 
of the entire volume of material within the polygon. 

The construction of polygons is quite simple. The 


method assumes that the area of influence of any 
sample point extends halfway to the adjacent sample 
points. The procedure for construction of polygons is 
illustrated in Fig. 7. It shows five drill holes (a), con- 
necting lines for the drill holes (b), the construction 
of perpendicular bisectors of the lines between adjacent 
drill holes (c), and the final polygon (d). 

The polygon method makes the basic assumption 
that the area of influence of a drill hole extends half- 
way to the next adjacent hole. An alternative viewpoint 
is that of a circular area of influence for drill-hole 
intercepts. The concept of circular area of influence 
about a mineralized intercept can be used to assign 
the relative classification to the polygon blocks. One 
important aspect of the circular area of influence for 
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Fig. 7. Construction of polygons. (a) Drill-hole plan. (b) 

Connecting lines between drill holes. (c) Construction of 

perpendicular bisectors of connecting lines. (d) Construc- 
tion of final polygon. 


Table 5. Calculation of Ore Blocks 








Tonnage 

Length Width Thickness Factor Tons * Grade Tons-Grade 

armen eee nn 
50° Pex TE 500 ox 3.5 9 = S72eoy 5 = 4,861 
SO 22Ex 50 x 4.0 9 = 51111 Axe “7, EE 7,777 
50 x 50 x 5.0 9 = 1,388 x 10 = 13,889 
50. eX DOr 4.0 9 =P. x 5 8 = 8,888 
Oe ee aX 3.0 9 = 833.x 7 = 5,833 
507 X00 fe 3 3.0 9 = 833 x 5§ x 4,166 
DOts x ie OU ae 3.0 9 = 833 x 6 = 5,000 
50x 50 x iS, 9 = 1,388 x 8 = 11,111 
50x 50 x 6 9 = 1666 x 9 = 15,000 
50 x 50 x 4 9 =i xX. 8:55 = 9,444 
11,246 85,972 


Total tons = 11,246 


85972 


A de = 
verage grade 11246 





= 7.64 0z* Ag/ton 


* Metric equivalents: 1 oz x 0.028 349 52 = kg; 1 st x 0.907 184 7 =t. 
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Fig. 8. Polygon classification by circular area of influence. 
Left, incorrect method; right, correct method. 


drill holes is shown in Fig. 8. This is completely cover- 
ing the area contained within a square grid of holes 
by the circular area of influence of the holes requiring 


a drill-hole spacing of (r)(V2), where (r) is the 
radius of influence. This means that although a drill- 
hole spacing of 60.96 m (200 ft) in a porphyry copper 
deposit would more than reasonably define proven ore 
grade mincralization, the radius of the circle of influ- 
ence for that spacing is in reality (200) (V2) = 86.2 m 
(282.8 ft). 

Once the area of influence of the drill holes cor- 
responding to proven and probable ore has been deter- 
mined, it can be used to check and rank the poly- 
gons. A rapid, easy, and acceptable method of ranking 
polygons is to draw a set of circles that represent the 
radius of influence for proven, probable, and possible 
ore reserve categories on a stable base material and 
then overlay the finished polygon map over this on a 
light table. Each drill-hole polygon is superimposed on 
the center of the “proven” area of influence circle 
matching the center points. If the polygon falls com- 
pletely within the “proven” range circle, the polygon 
is marked as belonging to the proven category. Sub- 
sequent checks are made of the polygons not meeting 
the criteria to be classified as proven blocks using the 
other area of influence circles until all the polygons are 
ranked. For record and bookkeeping purposes, poly- 
gons are conveniently referenced to the drill-hole num- 


ber and the section or level being evaluated, c.g., 
polygon DDH-8-16, level 2080. Fig. 9 illustrates the 
computation of an ore block by the polygon method. 

The method of calculation by polygons is often 
used with drill sample data. The method makes the 
assumption that the area of influence of each drill hole 
extends half the distance to each adjacent drill hole, 
with appropriate modifications for known geologic fac- 
tors such as faults, contacts, or mineralization limits. 
The areas of the polygons may be measured by plani- 
meter or calculated geometrically by breaking up each 
polygon into a series of triangles. The average grade 
and thickness of each drill hole may be determined as 
shown in Table 6 for drill hole D-1. In this example, 
the mineralization is assumed to be copper, and the 
cutoff grade is 0.40% Cu. 

The average grade and thickness is determined for 
each drill hole, and the reserves are calculated as shown 
on Table 7. Each polygon is labeled for the contained 
drill hole. 


Computation by Triangles 


Another method of computing reserves is a modi- 
fication of the polygon method. In this method a 
series of triangles is constructed with the drill holes 
at the apices. This method has the advantage in that 
the three points are considered in the calculation of 
the thickness and grade parameters for each triangular 





Fig. 9. Diamond drill-hole plan of the 
Bonanza copper deposit. Metric 
equivalent: 1 ft x 0.3048 = m. 


Table 6. Assay Data for Drill Hole D-1 








Interval, Thickness, Grade, Grade x 
ft* ft %Cu Thickness 
eS 
0-100 100 0.31 0.00 (Below cutoff) 
100-110 10 0.47 4.70 
110-122 12 0.73 8.75 
122-130 8 0.96 7.68 
130-150 20 1.04 20.80 
150-200 50 0.82 41.00 
200-220 20 0.54 10.80 
220-250 30 0.42 12.60 
250-270 20 0.35 0.00 (Below cutoff) 
150 106.43 Thickness and grade- 
thickness above cutoff 
106.43 





Average grade = = 0.71% Cu 


150.00 
Thickness = 150 ft 


* Metric equivalent: 1 ft x 0.3048 = m. 
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reserve block. The construction and calculation of 
ore reserves by use of triangles are shown in Fig. 10. 

The method of calculation by triangles is a modi- 
fication of the polygonal method in which the drill area 
is divided into triangles by connecting adjacent drill 
holes with construction lines. This method has the 
advantage that the areas are easily calculated by 


geometry or by coordinates by use of a computer or 
programmable calculator. The thickness above cutoff 
grade and average grade are calculated for each drill 
hole, as illustrated in the previous example. For the 
purposes of this problem, each drill hole is presumed 
to have the average grades and thicknesses shown in 
Table 8. 


Table 7. Ore Reserves for Bonanza Copper Deposit 


Area-A Thickness, T, AxT, 

Polygon Sq Ft Ft Cu Ft 
D-1 5,320 150 798,000 
D-2 5,300 135 715,500 
D-3 4 400 180 792,000 
D4 5,520 175 966,000 
D-5 6,800 155 105,400 
D-6 4,960 180 892,800 
D-7 4,520 250 1,130,000 
D-8 4,640 240 1,113,600 
D-9 5,840 150 876,000 
D-10 4,840 135 653,400 
D-11 3,760 120 451,200 
D-12 4,270 165 637,200 
D-13 4,800 135 648,800 


Tons ore 858,216 
Average grade 0.92% Cu 


Tonnage Factor, (A x T)/TF, Grade 


Ton x Grade, 


Cu Ft*/Ton Tons Ore % Cu Ton % 
12.5 63,840 0.71 45,326 
12.5 57,240 0.66 37,778 
12.5 63,360 0.82 51,955 
12.5 77,280 0.75 57,960 
12.5 84,320 1.00 84,320 
12.5 71,424 0.97 69,281 
12.5 90,400 1.21 109,384 
12.5 89,088 1.36 121,159 
12.5 70,080 0.93 65,174 
12.5 52,272 0.87 45,476 
12.5 36,096 0.81 29,237 
12.5 50,976 0.75 38,232 
12.5 51,840 0.68 35,251 

858,216 790,553 


* Metric equivalents: 1 ft x 0.304 8 = m; 1 sq ft x 0.092 903 04 = m?; 1 cu ft x 0.028 316 85 = m?: 1 st x 0.907 184 7 =t. 


Table 8. Assay Data for the Ojala Copper Deposit 








Drill Hole Thickness Average Grade, 
No. rts % Cu 
D-1 50 0.93 
D-2 75 0.77 
D-3 60 0.82 
D4 100 1.05 
D-5 J 75 0.72 
D-6 60 0.49 
D-7 105 1.63 
D-8 80 0.91 
D-9 70 0.86 
D-10 75 0.74 


Given this data, the tonnage and grade calculation for Triangle T-1 would be as 


follows. 


Area = 4400 sq ft* (by geometry) 


Average Grade-Thickness for Triangle T-1 


Drill Hole Thickness, 
ft 
D-1 50 
D4 100 
D-5 75 
_225 
205.50 
Average grade = ——— = 0.919 : 
ge grade 225.00 0.91% Cu 


Average Grade, 


Grade x Thickness 


% Cu ft % 
0.93 46.50 
1.05 105.00 
0.72 54.00 

205.50 


Tonnage = area x average thickness x tonnage factor 


225 1 


= 4400 x — x — = 26.400 st’ 


3 12.5 


* Metric equivalents: 1 ft x 0.3048 = m: 1 sq ft x 0.092 903 04 = m?; 1st x 0.907 184 7 =¢. 
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Table 9. Ore Reserves for the Ojala Copper Deposit 

















Triangle Drill Holes Tons* Ore Average Grade Tons x Grade 
T-1 D-1, D-4, D-5 26,400 0.91 24,024 
T-2 D-1, D-2, D4 26,400 0.94 24,816 
T-3 D-2, D-3, D4 22,500 0.91 20,475 
™TH4 D-3, D-4, D-7 22,260 1.23 27,380 
T-5 D-4, D-6, D-7 18,550 1.15 21,332 
T-6 D-4, 0-5, D-6 27,260 0.79 21,535 
T-7 D-6, D-7, D-10 26,240 1.07 28,076 
T-8 D-7, D-9, D-10 40,500 1.15 46,575 
T-9 D-3, D-7, D-8 24,418 1.20 29,301 
T-10 D-7, D-8, D-9 28,917 34,411 

263,445 277,927 

Tonnage = 263,445 st 

277 ,927 
= = 1.05% 
Average grade 263,445 05% Cu 





Fig. 10. Diamond drill-hole plan of 
the Ojala copper deposit. Metric 
equivalent: 1 ft x 0.3048 = m. 


In like manner, the tonnage and grade for each 
triangle can be computed and Table 9 constructed. 


Calculation by Section 


The basis of this method is to calculate a block of 
ore that is bounded by regularly spaced cross sections 
(see Tables 10 and 11). The following equation illus- 
trates the detailed calculation of a typical block of ore 
by the cross section method. The ore outline of each 
bounding section is divided into areas of influence based 
on the drill hole or other sample data. The areas of 
influence are then either planimetered or calculated geo- 
metrically. The individual areas are totaled for each 


Table 10. Assay Data for Section 100N, 
Big Rat Copper Vein 


Sample Area of % Cu x 
No. Influence Grade, % Cu sq ft* 
T-1 A= 510sq ft* 0.80 0408 
DDH-1 B = 1000 2.55 2550 
DDH-2 C = 1040 1.66 1726 
C-1N D= 710 1.70 1207 
3260 5891 


Total Area 3260 


= 5891 _ ; p40 
Average grade 3260 81% Cu 


*Metric equivalents: sq ft x 0.092 903 04 = m?; cu ft x 0.028 316 85 = 


m?. 





Table 11. Assay Data for Section 200N, 
Big Rat Copper Vein 


Sample Area of % Cu x 





No. Influence, sq ft Grade, % Cu sq ft* 
T-2 A’ = 848 0.92 780 
DDH-4 B’ = 1792 2.32 4157 
DDH-3 C’ = 1280 1.59 2035 
C-2N D’ = 976 1.63 1591 

4896 8563 


Total area = 4896 sq ft* 


8563 . 
A de = —— = 1.759 
verage grade 4896 5% Cu 





“Metric equivalents: 1 sq ft x 0.092 90304 = m?: 1 cu ft x 
0.028 316 85 = m?. 


section and the volume calculated by the average and 
area formula: 

_ (A, + 2A,+ 2A, ... An) 
a 2 


where A is area on section and L is a constant section 
spacing, or when using only two adjacent sections: 
Be ad Ards(As) eon 
2 
The volume is then converted to tons by application of 
the appropriate tonnage factor. 

Fig. 11 shows two cross sections spaced 30.48 m 
(100 ft) apart. These sections show a tabular dipping 
vein sampled by a surface trench, two drill holes per 
section, and one crosscut per section. The vein is 
assumed to be copper ore with a tonnage factor of 
9.5 cu ft per ton. 


V XL 


Block Average Grade: 


Average 
Area Grade, 

Section (sq ft) % Cu % Cu Ft? 
100N 3260 181 5901 
200N 4896 io 8563 

8156 14463 
14463 


Average block grade = a ey he LONE 


8156— 
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SECTION |OO N 





SECTION 200 N 


Fig. 11. Cross sections of the Big Rat copper vein. Metric 
equivalent: 1 ft x 0.3048 = m. 


Volume of Ore Block: 


area section 100N + area section < 
200N X section spacing 


v= 
2 
y = 2260 + 4896 X 100 _ 497,909 cu ft 
407800 
Tonnage = ig Stas 42,926 st 


The geologic reserve of this deposit between 100N 
and 200N is 38934 t (42,926 st) with an average 
grade of 1.77% Cu. Similarly, the reserve calculations 
can be extended north and south to cover the entire 
minable strike length of the vein by adjacent pairs of 
sections. 


Documentation 


It is extremely important, no matter what ore reserve 
estimation methodology is used, to carefully document 
the method used and the limits applied. If the method 
is documented, anyone using the reserve figures will have 
a fuller understanding of the confidence limits inherent 
in the stated reserves. Also, in case of any change of 
mine personnel, it will be possible for future calcula- 
tions to be consistent with the previous reserves data. 
Adherence to this policy also allows for future critical 
review of the applicability of the methodology to the 
specific deposit. Should a problem be encountered with 
the application of the reserve estimation method to 
the deposit, it may be possible to correct the problem 
without completely recalculating the entire reserve 
inventory. 


The writing-up of the reserve estimation method- 
ology also forces the staff to fully identify potential 
problem areas and to cefine methods of handling such 
problems in a consistent manner. The documentation 
should be prepared in the form of a manual keyed to 
the specific property by examples. Adequate space 
should be provided for notes to be added by the staff 
as problems or questions arise or ideas for improving 
the reserve calculation method are encountered. Such an 
ore reserve preparation manual provides each new 
staff member with a set of uniform procedures and 
guidelines to be used on the specific property. 

The cutoff limits used, both those related to mining 
method and grade should be specified in the reserves 
statements. Examples of such qualifying statements 
include: 


proven 3,795,000 tons averaging 2.15% Cu 
probable 5,600,000 tons averaging 2.69% Cu 
possible 2,901,000 tons averaging 2.80% Cu 

based on a minimum mining width of 3.04 m (10 ft) 
of material above a cutoff grade of 0.80% Cu. 


Note (1) all reserves in the “possible” category are 
located below the 3500 level, (2) all reserve figures are 
reported to the nearest 1000 st, and (3) additional in- 
ferred reserves exist at depth below current mining 
limits. These reserves presently are poorly defined and 
are hence not reported. 


APPENDIX: REVIEW OF GEOSTATISTICAL 
METHODOLOGY 


Introduction 


Geostatistics as an ore reserve estimation meth- 
odology emerged in France in the early 1960s from the 
work of Georges Matheron and was based on original 
studies by Danie Krige in South Africa. The tech- 
niques are not merely an amalgamation of the geological 
sciences with probability theory and classical statistics, 
but rather an entirely new methodology. 

It is not possible within this discussion to give a 
comprehensive treatment of the theory and application 
of geostatistics. The objectives here are merely to 
develop an overview of this relatively new methodology, 
to elaborate on some of its virtues and problems, and 
to provide some preliminary understanding of the basic 
techniques and nomenclature. 

The primary purpose of any natural resource esti- 
mation method is to reliably estimate the overall ore 
reserves and the distribution of in situ and recoverable 
tonnages and grades throughout the deposit. Conven- 
tional methods (i.e., area of influence or polygonal, 
other geometrical, distance weighting, etc.) may pro- 
vide a good total or global estimate of an ore body’s 
reserves. However, a good geostatistical reserve study 
with careful attention to geologic controls on minerali- 
zation will provide not only a good total reserve esti- 
mate, but also a more reliable block by block reserve 
inventory with an indication of relative confidence in 
the block grades estimated. 

Obviously, geostatistical methods, like any others, 
cannot increase the quantity of basic sample informa- 
tion available, nor can they improve the quality or 
accuracy of the basic assays. However, geostatistics 
properly applied does derive from the raw data the best 
possible estimates of ore-body parameters. This is par- 
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ticularly critical with marginal grade deposits, where a 
relatively minor change in anticipated mill head grade 
can have quite dramatic effects on the project’s profita- 
bility. Geostatistical techniques should be regarded as a 
comprehensive suite of ore reserve estimation tools 
which, if they are appropriately understood and used, 
should generally lead to few surprises when the mine 
comes into production. 

Classical statistics and tests have been used in ore 
reserve evaluation for many years. These methods do 
assume, however, that samples taken from an unknown 
population are randomly selected and are independent 
of each other. In the context of an ore body, this 
implies that the position from which any sample was 
taken is not important. Theoretically, using classical 
Statistics, taking samples on opposite sides of an ore 
body would be just as good as taking them a short 
distance apart. Sample assays taken from holes drilled 
in close proximity to one another, within an ore body, 
obviously should not be random or independent. 
Closely spaced samples should demonstrate some corre- 
lation or, in other words, reflect some degree of con- 
linuity in the mineralization. If this is not the case, 
there is either no continuous ore body or the samples 
have been taken over an excessively large spacing. 

Despite the limitations of classical statistics in ore 
reserve estimation, much can be gained from studies of 
sample distributions in terms of providing estimates of 
the overall or global ore-body parameters (ie., total 
ore tonnage, grade, and metal content). Serious mis- 
takes, however, can occur if this theory is applied on a 
small scale. Even in the global case, one must exercise 
considerable caution in making predictions from sample 
grade distributions of recoverable ore tonnages and 
grades above a particular cutoff grade. This is neces- 
sary primarily because drilling pattern irregularities are 
very common and hence the grade distribution may be 
biased (high grade areas are typically drilled out more 
thoroughly than low grade areas). Secondly, the vari- 
ance or dispersion of basic sample assay values is much 
greater than the variance of large blocks which can be 
selectively mined as ore or waste. 

Unlike classical statistical approaches, geostatistics 
recognizes that samples in an ore deposit should be 
spatially correlated with one another, and that nearby 
samples will probably not be independent. The tech- 
niques are based on Matheron’s idea of “regionalized” 
variables or, in other words, variables which are asso- 
ciated both with a volume (called a “support” in geo- 
statistics) and a position in space. Thus, geostatistical 
methods utilize an understanding of the interrelation- 
ship of assay data within various geologic ore control 
regimes of a deposit. Geostatistics thus represents a 
major advance in ore reserve estimation technology. 

The relationship between sample variance and size 
(decreasing variance with increasing size of the sup- 
port) is utilized in developing estimates of recoverable 
ore reserves given a certain degree of mining selec- 
tivity and given a cutoff grade. The amount of spatial 
correlation or continuity is determined by the primary 
geostatistical tool—the variogram. 

Variograms, representative of the mineralization’s 
characteristics. arc a prerequisite to any geostatistical 
Ore reserve estimation. If the sampling density is too 
low for any underlying correlation to be detected, if 


the ore body is extremely homogeneous, or if poor 
sample collection, preparation. and assaying procedures 
were used, then no structure or continuity will be visible 
in the variogram. In this case, geostatistical methods 
become those of classical statistics, where samples can 
be assumed independent and where the best estimate 
of any block of ground is the average grade of all 
samples within the entire deposit. Under these circum- 
stances, reliably predicting which part of the deposit 
is of ore grade and which is waste is not possible with 
any acceptable level of confidence. 

Geostatistics theory utilizes somewhat foreign ter- 
minology and relatively advanced statistical concepts 
involving Lagrange multipliers, triple integration, ctc. 
Only recently have case studies which have clearly indi- 
cated the potential benefits in applying geostatistical 
techniques appeared in the literature. In addition, 
early publications in this field were in French, and 
even those in English were not readily comprehensible 
to the average geologist or mining engincer. Because 
of these factors, geostatistics has sometimes been re- 
garded skeptically as a method suited only to the biggest 
computer manned by systems analysts, who probably 
have little real appreciation for the geology or mining 
implications of the ore body which they are studying. 

While the “black box” computer approach to geo- 
Statistics has been historically true at some operations. 
it should not, and need not, exist. Certainly the meth- 
Odology does entail a relatively large amount of compu- 
tation, somewhat “heavy” mathematical and statistical 
terminology, and generally does require the use of a 
computer. This, however, does not mean that the 
work need be done in isolation from the geologic staff. 
In fact, geologic cross sections, bench plans, and most 
importantly, the acquired understanding of the ore 
body by the geologic staff in terms of the lithologic, 
structural, or other controls on the mineralization, is 
of paramount importance in any geostatistical study. 

A geostatistical ore reserve study will generally 
entail the following steps: 

Study of the potential geologic controls on the 
grade of mineralization, and any zoning of the deposit 
through geologic interpretation, with the aid of sta- 
tistical analysis correlating grade with host rock type. 
alteration type, fracture density, etc. 

Computation of variograms within each geologic 
zone, interpretation of any differences in the continuity 
of mineralization in different directions (anisotropy), 
and selection of suitable variogram models for use in 
kriging. 

Division of the ore body into three-dimensional 
matrices of blocks, panels, or cclls and estimation of the 
in situ grade and the estimation error for each block 
from the surrounding sample values using kriging (in 
situ or geologic reserves). Using properly selected limits 
on block estimation errors, each block can be subse- 
quently classified into the standard “measured.” “indi- 
cated,” and “inferred” categories. 

Study of the distribution of sample valucs, selec- 
tion of suitable models, and estimation of the tonnage 
proportion of each in situ block and its average grade 
which can be recovered above a given cutoff grade 
with a given degree of mining selectivity (recoverable 
reserves at a particular cutoff grade). 

Printing of recoverable grade distribution plans on 
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a convenient scale by each level or bench for mine 
planning purposes. 


The Variogram 


Computation of variograms within like geologic 
zones is the first step in any geostatistical ore reserve 
study. Variograms are used in all subsequent phases, 
including kriging. Even if kriging is not undertaken, 
a variogram study is of invaluable assistance in quan- 
litatively defining the traditional concept of “area of 
influence” of a sample within a particular deposit. 
Moreover, it can be used in determining the optimum 
drill-hole spacing to define the reserves at a particular 
level of confidence. 

A variogram, if properly determined within similar 
geological zones, numerically describes the way in 
which an ore-body parameter (i.e., grade, thickness, 
accumulation, bedrock elevation, etc.) is spatially cor- 
tclated. It expresses the similarity or dissimilarity 
between the parameter values as it changey with 
distance. 

The mathematical formulation of a variogram 
function is as follows: 


1h) = sp DL Zt) — 2Z(x,+h) |? 


where Z(x,) is the value of the regionalized variable 
(c.g., grade) at point x,, Z(x;+h) is the grade at 
another point at a distance (A) from the point, x, and 
n is the number of sample pairs. 

The sample pairs are each oriented_in the same 
direction [hence the vector notation y(h)], are each 
separated by the same distance (hf) m, and are of equi- 
volume (i.c., constant variogram support). 

In practice, the squared differences between all 
pairs of sample grades at a distance (h) apart are 
averaged. The process is repeated for different values 
of the distance (A), and the half averaged squared 
differences in grade, called y(h), are then plotted against 
the corresponding distance (h). The resulting graph 
is often known as an experimental variogram, because 
it is based only on samples, and is aiming at repre- 
senting the true underlying variogram of the deposit. 

Often there is evidence of a relationship between 
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mean grade and variance, i.e., high variances asso- 
ciated with high grade material which is known as 
“proportional effect” in geostatistics. If this is found 
to be the case, a so-called “relative” variogram should 
be computed. This involves dividing each y(h) value 
by the square of the mean of those samples used to 
calculate that value. Alternatively, variograms can be 
computed on the logarithms of grade. 

Commonly, values of y(A) increase steadily with 


increasing distance and reach a limiting or plateau level, - 


as indicated in Fig. 12. The variograms in Fig. 12 
demonstrate that nearby samples have similar grades 
and hence low variances, while others farther apart are 
quite different. This is an expression of the continuity 
in mineralization. An experimental variogram permits 
the interpretation of several characteristics of the min- 
eralization as follows: 

Range: The distance at which the variogram levels 
off at its plateau value is called the variogram range. 
This reflects the classical geologic concept of an area 
of influence. Beyond this distance of separation, sample 
pairs no longer correlate with one another and become 
independent. 

Sill: (C + C,) The value where the variogram func- 
tion plateaus is called the sill. For all practical pur- 
poses, the sill is equal to the variance of all samples 
used to compute the variogram. The difference be- 
tween this value and the value of the variogram at 
distance (h) can be thought of as a level of certainty 
which exists when a sample assay is extrapolated (“‘ex- 
tended,” in geostatistics terms) over this distance. - In 
other words, as the Tange is approached, the estima- 
tion variance based on extending sample grades in- 
creases to a maximum level of this sill. 

Nugget Effect: (C,) This is the Name given to the 
variogram value y(h) at distance h — 0.0 m. It expresses 
the local homogeneity (or lack thereof) of the deposit. 
High nugget effect values relative to the sill can indi- 
cate that either the mineralization is poorly disseminated 
(i.e., tends to be concentrated in pockets or lenses), 
that the zone on which the variogram was computed 
was severely disjointed (e.g., major postmineralization 
Structural discontinuities that exist in the deposit have 
been ignored), or that poor sample preparation and 
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assaying procedures were used. The latter item is 
called a “human” nugget effect. 

Directional Anisotropy: This simply denotes whether 
the mincralization has greater continuity in a particular 
direction compared to another. The characteristic is 
analyzed by comparing the respective ranges of experi- 
mental variograms computed along different directions. 
Fig. 12 illustrates that for the deposit studied the 
mincralization was essentially isotropic, since the ex- 
perimental variograms in alternate directions were very 
similar. 

In practice, since drilling grids are rarely uniform, 
variograms are computed with a latitude on distance 
(i.e., half average squared differences between grades 
of sample pairs at a distance h+ Ah apart) and a 
spread or “window” on direction (i.e., all pairs falling 
within a direction of ¢+ A¢°). Sample pairs are 
thus grouped into classes of Ah. This class size, the 
“window” angle on direction, and the sample or sup- 
port size are very important parameters to choose cor- 
rectly. They are often varied until a variogram showing 
the best structure is obtained. 

To achieve reliable results, variograms should be 
computed on geologically similar zones of mineraliza- 
tion. or zones for which the mineralization had the 
same apparent genesis and for which there is no in- 
ternal postmineralization faulting. If structurally con- 
tinuous zones can be isolated, variograms can be com- 
puted independently for each, and then the individual 
results accumulated to produce an average variogram 
representative of the total mineralization. If major dis- 
continuitics are ignored, irregular distance distortions 
could occur which might lead to erratic or “noisy” 
variograms. 

Poor variograms will also occur if there is only a 
limited amount of sample data, if the data are from a 
wide-spaced drilling program, or, finally, if the support 
chosen was too small. Obtaining good representative 
variograms involves a considerable amount of computa- 
tion and interpretation by experienced geologists and 
geostatisticians. However, these efforts are amply re- 
warded through an enriched understanding of the de- 
posit under study. An appreciation of the continuity 
in mineralization early in an exploration program is 
made possible by drilling a series of closely spaced 
“crosses” of holes, which can then be used to compute 
variograms. Such studies can be subsequently used to 
assist in planning an appropriate drilling grid which will 
permit ore reserve estimation to a certain required level 
of precision. 


Ore Reserve Estimation Using Kriging 


Kriging, the geostatistical grade interpolation 
method, calculates the grade of a block or panel as a 
lincar combination of the grades of ncarest samples. 
The coefticients of such a linear combination are ob- 
tained indirectly from the variogram. The method will 
vicld the best estimates possible for in situ block grades, 
particularly where the sampling grid is very irregular 
and where the continuity in the mineralization is very 
different in alternate directions. Unlike other methods, 
kriging also gives a confidence level on each block es- 
timate and on the overall reserves. 

Given a series of spatially distributed drill holes or 
other samples, any ore reserve estimation method must 


obtain estimates for the average grade of blocks or 
panels between these drill holes. This is accomplished 
by some form of interpolation or extension technique, 
typically on a level-by-level or section-by-section basis. 
Because we are dealing with sample assays and not 
block assays, some error will be made in this estima- 
tion process. The “best” method will be one which 
keeps the errors as low as possible. Expressed in an- 
other way, if Z and Z* are the true and estimated 
block grades, the variance of differences (Z —Z*) for 
all blocks must be minimized. 

Kriging is simply a linear estimation method which 
develops optimal weights to be applied to each sample 
in the vicinity of the block being estimated. It uses 
both the position of the samples with respect to the 
block and the continuity of mineralization in different 
directions as portrayed by selected variogram models. 
The kriging estimator has the following general form: 


n 
Zt= DE: NE STE) aes Sy ee et + A,Xq 

a4 
where Z* is the estimated in situ block grade, x, is 
the sample grade in the vicinity of the block, A, is the 
weighting coefficient which will be assigned to respective 
x; and n is the selected number of nearest neighbor 
samples which will be used to estimate the block grade. 

Even though we do not know the true block grade, 
Z, the estimation variance [i.e., variance of all (Z — Z*) 
errors] for such a linear combination of sample grades 
can be expressed as a function only of the variogram 
and of the weights A;. Therefore, having obtained a 
variogram(s) for a deposit, it is then possible to eval- 
uate the estimation variance, and hence the confidence 
limits, which could be expected for any drilling grid 
and for any linear estimation method of determining 
block grades. This feature of analyzing the precision 
to be expected in estimating blocks of a given size and 
orientation using samples in a particular pattern around 
the block is unique to geostatistics. Classical statistical 
methods estimate confidence limits for a particular drill- 
hole spacing based on the standard error of the mean. 
This approach is only valid if samples are independent 
of one another, e.g., in an initial wide-spaced explora- 
tion grid. 

Returning to the previous equation of the linear 
estimator, it should be noted that an_ interpolation 
method involving inverse distance weighting is also of 
this form where the A; coefficients become: 

1/d¢ 


Psy Wd 
aod 


where d is the distance of the particular sample to the 
center of the block, and ¢ is the selected distance weight- 
ing exponent. 

Kriging is not directly linked with distance as 
are distance weighting methods. Sample-to-block ris- 
tances are calculated, but only as a means to determine 
the corresponding sample-to-sample and sample-to-block 
covariances from the variogram. 

Kriging utilizes the three-dimensional locations of 
samples, i.e., their distances and directions from the 
block. Irregular drilling patterns and/or highly aniso- 
tropic ore bodies are much more reliably studied, using 
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geostatistics compared with other methods which only 
involve distance weighting. 

Kriging involves the optimal selection of the weights 
A, in such a manner that the estimation variance is 
minimized and such that A,=1. In minimizing this 
estimation crror or variance, kriging results in a series 
of simultaneous equations. The equations can be solved 
for each weighting factor, \,, given the position of the 
sample, the size of.the block to be estimated, and a 
modcl of the variogram representative of the mineraliza- 
tion being studied. The kriging process is quite 
mechanical, though time-consuming even on a digital 
computer. The calculated A, are then multiplied by 
respective sample grades to give the in situ block grade 
estimate. The estimation error for each block is of course 
also given. These estimation errors will be higher in 
regions of low drilling density and lower, as one would 
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Fig. 13. Scatter diagram 
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the polygonal interpola- 
tion method. 
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expect, where the deposit has been extensively drilled 
with closer spaced holes. 

Linear kriging is the most common of the geosta- 
tistical estimating techniques. Nonlinear estimators such 
as lognormal and disjunctive kriging have become avail- 
able within the past few years for more advanced stud- 
ies, particularly relating to the determination of recover- 
able ore reserves. Disjunctive kriging is substantially 


more complicated and more demanding of computer . 


resources than linear kriging. In most applications, the 
use of linear or lognormal kriging to estimate large in 
situ reserve blocks, followed by an assumption that 
selective mining units are distributed normally or log- 
normally within the large blocks, will lead to very good 
estimates of recoverable reserves. Needless to say, this 
latter step is vital, since we are trying to estimate the 
ore tonnage within economic excavation limits and its 
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grade which will be mined and which will report to 
the mill. 


Comparison With Other Methods 


Understanding geostatistical ore reserve methods is 
a far morc arduous task than the simpler technique in- 
volving area of influence type grade assignment used 
by the polygonal or other geometric methods. Geo- 
Statistics, like any of the more- complex smoothing 
methods which utilize many samples in the vicinity of 
the block rather than only one, can only be economically 
achieved with a digital computer. Auditing of ore re- 
serve calculations then becomes more difficult, as does 
onc’s ability to sensibly compare estimated block grades 
with the original sample values, because the former 
have a much reduced variability. 

Given these problems and others, no matter what 
is said about the benefits of geostatistical techniques, 
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there will always be doubts as to whether the added 
sophistication and cost is worthwhile, particularly in 
the absence of actual mining experience. During min- 
ing, of course, estimated block grades can be compared 
with reality. Such studies have been done at many 
operations in recent years, and the results offer sub- 
stantial encouragement to the proponents of geostatistics. 
With such comparisons, however, additional doubts 
arise as to the representability of blasthole assays them- 
selves and of their validity as an estimator of “true” 
block grade. Moreover, not all operations can afford 
the luxury of trial mining to confirm their grade pre- 
diction as part of a predevelopment feasibility study. 
As an alternative, the study described here provides a 
method of comparing various interpolation methods in 
the absence of actual mined grades in a quantitative 
way, rather than in terms of subjective comparisons. 
This study was undertaken for the same porphyry 
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copper deposit for which the variograms of Fig. 12 
were calculated. It involved the comparison of point 
estimated grades with actual point samples. Drill-hole 
sample assays were first composited as bench averages 
weighted by sample length. The composite values were 
considered as so-called “actual values.” Some 200 drill- 
hole composites were successively removed from the 
total data set, and the same point in space was estimated 
from surrounding point assay values using a. variety of 
methods: nearest sample grade assignment (polygonal 
approximation), inverse distance square interpolation 
using both horizontal and ellipsoidal searches, and finally 
lincar kriging. 

The: removed holes were then “redrilled” as it were, 
and the estimated composite values were compared with 
true assays through the use of linear regression. The 
estimation method yielding a regression line which had 
a slope closest to 0.78 rad (45°), and which passed 


Fig. 15. Scatter diagram 
and error histogram for 
the inverse’ distance 
square ellipsoidal inter- 
polation method. 
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closest to the origin with minimum variability or scatter 
about the best fit line would be favored as the preferred 
methodology. | 

For each estimation method, the differences between 
the true assay values and estimated grades were also 
computed and plotted in the form of a histogram of 
errors. Once again, the best method would be the one 
which has a mean error of zero and the least variance 
on this error curve. Figs. 13 through 16 give the re- 


sults of these studies for each of the methods examined. 


Even for this large, relatively uniform isotropic 
porphyry copper deposit, it will be seen from Fig. 13 
that the polygonal method more often than not did 
not estimate the true composite grade correctly. In 
general, the ellipsoidal search inverse distance square 
approach (Fig. 15) gave much better results than the 
horizontal case (Fig. 14). This was expected from the 
variogram study, which indicated that the mineraliza- 
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tion was almost as continuous vertically as it was 
horizontally. Thus, samples directly above and below 
a block should have just as much “right” to be used 
in predicting the block grade as those at the same dis- 
tance on the same level. Figs. 15 and 16 illustrate that 
there was a further marginal improvement in adopting 
linear kriging over the ellipsoidal inverse distance square 
method. It will be noted that prior knowledge of the 
variograms to define appropriate éllipsoidal search di- 
mensions significantly enhances the performance of such 
methods, as is indicated here. Modern computer algo- 
rithms permit the user to vary both the search volume 
dimensions and the distance weighting exponent inde- 
pendently in each of three orthogonal directions to simu- 
late anisotropic continuity in the mineralization. Under 
these circumstances, very good results can often be 
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obtained, sometimes at less cost, using this less expen- 
sive, ellipsoidal inverse distance weighting approach 
rather than kriging. 


Summary Remarks 


Geostatistics provides a comprehensive suite of tools 
which must be tempered by an experienced ore reserve 
geologist/ engineer to obtain reliable estimates—not only 
for the total ore reserve parameters, but also for the 
distribution of recoverable grade throughout the deposit 
for mine planning and scheduling purposes. Specifically, 
the geostatistical ore reserve methodology, if applied 
wisely, can yield quantitative information regarding the 
underlying characteristics of the mineralization, which 
are often heavily masked by detail. It is these ore con- 
trols and characteristics of mineralization which his- 
torically the economic geologist has had to subjectively 


KRIGING 





o So 2 o.|[68 
co = - a a 
Estimated Grade (% Cu) 
KRIGING 
MEAN =-2.8113 
STD. DEVN.= @.2B46 


a a 
i) 


= = 


6.6 
11 


a 
i 


Estimated Grades - Assay Values (% Cu) 


38 UNDERGROUND MINING METHODS HANDBOOK 


define based on his experience with similar deposits. 
Having undertaken this interactive step of geological 
and variogram modeling of an ore body, one is then 
in a position to compute block grade estimates through 
kriging, to obtain an estimate of the probable error 
associated with each block grade, and to compute re- 
coverable reserves based on smaller selective mining 
units above a certain cutoff grade. 
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SAMPLING, DILUTION, AND RECOVERY 


C. ALAN TAPP 


INTRODUCTION 


Mine sampling determines the practicality of any 
mining operation. -Improper sampling can result in an 
incorrect appraisal of present production and future po- 
tential. Therefore, the mine department in charge of 
ore-reserve calculations and mine sampling should be 
overscen by competent and experienced professionals 
with technical backgrounds qualifying them to produce 
accurate results. 

Sampling is a process by which portions of an ore 
body are collected and analyzed to estimate the average 
mincral content of the entire ore body. It is incorrect 
to assume that a large number of samples eliminates any 
errors in the sampling method. To obtain unbiased sam- 
ples. proper sample location with respect to rock type 
and mineralization is just as important. The sampling 
procedure must yicld correct results for the type of 
mincral deposit, and careful consideration should be 
given to whether or not the sampling technique has been 
developed to an extent sufficient to eliminate as much 
human error and bias as possible. Only after the ore has 
been mined and milled is the sampling accuracy known. 

Sampling also provides information about the bulk 
composition of the ore for mineralogical and metallurgi- 
cal tests that determine the economic ore-waste bound- 
arics and the geologic trends for exploration. Actual 
mining plans can be developed from this information to 
maximize profits. Accurate sampling is critical, and thus 
must be approached in a scientific manner. 


SAMPLING TECHNIQUES 


Sampling practices and techniques are as varied as 
the mines in which they are used. The method(s) 
chosen must be tailored to suit the company and min- 
ing needs. For instance, tabular uranium deposits, vein 
gold deposits, and porphyry copper deposits pose special 
problems in conducting unbiased sampling. The mine 
gcologist or engineer in charge must develop a sampling 
method, test it in a sample area, and then critically 
cvaluate the results. If the results from the test area are 
accurate within the economic limits established by the 
company, they then may be adopted for general use in 
the mince. 

Four routine sampling methods are suitable for 
specific sampling objectives in the daily mine routine: 
(1) channcl sampling, (2) chip sampling, (3) grab 
sampling, and (4) bulk sampling. The final sampling 
results depend upon how the four methods are combined 
to accurately determine the grade of the ore body. When 
used in conjunction with each other during different 
stages of mine development, the channel, chip, grab, and 
bulk sampling methods provide an in-house check or a 
comparison by which mining methods and sampling pro- 
cedures can be evaluated. However, the most valid 
check is based upon the daily mill production. 


Channel Sampling 


Channel samples consist of cuttings collected from 
i groove cut into the rock about 102 mm (4 in.) wide 


and 19 mm (0.75 in.) deep. Various tools ranging from 
a 1.8-kg (4-lb) hammer and moil to a pneumatic chisel 
can be used to cut the sample. Accessibility and rock 
hardness determine the applicable sampling tools. 

Before attempting to take a sample, the rock surface 
must be cleaned thoroughly; the method of cleaning de- 
pends upon the amount of mine dust accumulated on the 
surface or the degree of alteration of the rock surface. 
Typical cleaning methods employ a wire brush, water, 
or chipping a fresh surface. 

Next, the sample outline is marked on the prepared 
surface, taking care to choose appropriate sample loca- 
tions. After determining the proper sample outline and 
length, the sample can be chiseled out, catching the rock 
fragments on a canvas tarpaulin on the floor, in a 
powder box, in a canvas bag to avoid contamination, or 
by some other suiiable means to capture all of the 
sample. Vertical veins present a special problem be- 
cause the drift’s back usually is arched, not square. For 
example, Fig. 1 shows that if sample intervals are mea- 
sured from A’ to D’, the length of the sample interval is 
greater than the true vein width, resulting in an incorrect 
calculation of the ore reserves. The correct method 
would collect three samples at A’-B’, B’-C’, and C’-D’, 
using either actual measurements in the mine repre- 
sented by A-B, B-C, and C-D or trigonometric calcula- 
tions to determine the true ore thickness. Then. cach 
sample can be weighted by grade and true thickness for 
the vein. Channel lengths usually are a maximum of 
1.5 m (5 ft), and it is good practice to divide longer 
samples into smaller intervals according to structures. 
changes in rock types, or differences in rock hardnesses. 
The influence of those features on the mineralization 
then can be determined. 

Chip Sampling 

Chip sampling is a variation of channel sampling 
used when the rock is too hard to channel sample eco- 
nomically or when little variation in the mineral content 
indicates that this sampling method will yield results 
similar to those of channel sampling. Rather than cut- 
ting a channel in the rock, small chips are flaked off at 
regular intervals over the entire face or area being 
sampled. Care must be taken to assure that the sample 
is representative of variations in the rock hardness and 
type. This method is fast and useful in preliminary 
evaluations, but it should not be used for quantitative 
ore-reserve calculations. 


Grab Sampling 


Grab sampling is a fast method for double check- 
ing either channel or chip-sampling procedures, and, in 
some instances, mine production can be estimated from 
carefully taken grab samples. Grab sampling takes equal 
amounts of material at selected intervals over a minc 
dump, a muck pile, or from an ore car to estimate its 
mineral content. Generally, this method is not consid- 
ered reliable. Many independent variables can affect this 
type of sampling process. Thus, if the ore occurs in the 
softer fraction and a proportional amount of the result- 
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Sample Thickness, Assay, Product, 
Interval ft. oz. Au/ton Th x Assay 
A-B 0.8 0.09 0.07 
B-C 1.5 0.50 0.75 
CeeD ez: 0.13 0.16 
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INCORRECT METHOD 











Sample Thickness, Assay, Product, 
Interval ft. oz. Au/ton Th x Assay 
W -B’ 1.0 0.09 0.09 
B’-C’ 1.5) 0.50 0.75 
Co2.0° 17° 0.13 0.22 

4.2' 1.06 
AVERAGE GRADE= —=.22) 
AVERAGE GRADE =. oo 

4.2 


AVERAGE GRADE = 0.25 0z2./ton over an 


incorrect thickness 
of 4.2 feet. 


Fig. 1. Calculation of a true sample thickness for mine sampling. 


ing fines are not sampled, the results are erroneous. The 
sample may also consist more of one rock color, rather 
than having the correct proportions of each. If each 
sampler is consciously aware of every variable that can 
affect grab sampling, the reliability of the method in- 
creases. 


Bulk Sampling 

Bulk sampling is used to evaluate ore zones with 
irregularly distributed mineralization or to determine 
composite ore characteristics. The amount collected de- 
pends upon the nature of the mineralization and the size 
of the area being tested. A bulk sample can range from 
tens of kilograms (pounds) to several tons. For exam- 


ple, if a mine dump is to be evaluated economically, it 
is necessary to take several bulk samples at predeter- 
mined locations, or several small samples can be com- 
bined into one bulk sample. Then, weighted averages of 
the assays, based upon the portion of the mine dump 
they represent, are combined to obtain a representative 
value for the dump. As another example, if the accu- 
racy of channel samples from a vertical stope is ques- 
tionable, the area can be bulk sampled before mining. 
In this case, several holes drilled into the back are shot, 
with the sample collected on a canvas tarpaulin. A sam- 
ple like this could amount to several hundred kilograms 
(pounds). However, care must be taken to avoid ‘“‘salt- 
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ing” or otherwise influencing the results through poor 
sampling techniques. 


MINE SAMPLING 


In the day-to-day operations of a mine, the impor- 
tance of accurate sampling sometimes can become 
obscured by the routine nature of the job. However, 
this daily information is necessary for the mining de- 
partment to devclop accurate mine-production plans. 
Such daily sampling provides information for four 
phases of mining: guiding the development headings, 
providing data for ore-reserve calculations, indicating 
production grades for every Stope, and allowing min- 
cralogical and metallurgical evaluation of the ore body. 


Development Headings 


All development headings are sampled on a daily 
basis to determine the ore content in the mining face. 
This determines the assay boundaries and helps in the 
projection of mill head grades. Customarily, channel or 
chip samples are taken at the face, provided the face has 
been cleaned from the previous round; the ore charac- 
teristics will determine the best type of sampling method. 
If the face is not clean, grab samples may be taken from 
the muck pile; although grab samples may not be as 
accurate as channel samples, they can be used with 
caution. 

When the development headings are sampled, all 
pertinent information is recorded on work sheets im- 
mediatcly. The location of the sample should be refer- 
enced against some permanent point. The thickness of 
the sample intervals, rock type, sample type, sampling 
party, date, and sample number all should be recorded. 
As a general rule, daily work sheets are kept in loose- 
lcaf notebooks so completed sheets can be left in the 
office. If the sample book is lost, only one day’s records 
arc lost, rather than the records for an entire month or 
year. An example of such a daily sample sheet is shown 
in Fig. 2. 

Once in the office, the work-sheet data is then trans- 
ferred to the permanent mine records. Fig. 3 shows a 
sample shect for thesc records. The permanent sample 
records are no more than a summation of the daily sam- 
pling, prepared in concise and easily recognizable form. 
In most cases, that means the creation of a tabular form 
for the files. Accurate records are essential for main- 
taining the mine’s head grade; they are the key to mine 








Fig. 2. Example of a daily sample sheet, 
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Fig. 3. Form to record daily sampling for permanent 
mine records. 


expansion and development of potential exploration 
targets. 

Assay maps and cross sections of the appropriate scale 
for the area also are updated with the new sample infor- 
mation. They are the most usable form for evaluating 
daily sampling information. The maps and cross sections 
present a visual picture of the limits and orientation of 
the ore. As shown in Figs. 4 and 5, it is customary to 
have two sets of mine maps showing both small-scale and 
large-scale features. Small-scale mine maps at 25 mm = 
61 m (1 in.= 200 ft) are useful in showing mine- 
development plans, gross geological features, property 
boundaries, and general ore trends; a generalized over- 
view of the mine property is shown on these small-scale 
maps. The large-scale maps at 25 mm = 15 m (CJyinjcs 
50 ft) are used to plot the daily sampling results and 
mining plans. On these large-scale maps, daily mine face 
advancement is determined more accurately. They also 
provide excellent working maps for the mine geologist. 
Features not large enough to be plotted on a small-scale 
map, but important to the interpretation of the deposit, 
are plotted on the large-scale may . 

Cross sections also are made at two scales for similar 
reasons. Fig. 6 shows both a small-scale longitudinal 
section and a plan-view map of a hypothetical mine. 


Ore-Reserve Calculations 


Ore-reserve data are parts of the permanent mine 
record and should be updated on a periodic basis to 
include newly developed reserves and to reflect any 
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Fig. 4. Small-scale geologic map of the Chief district. 


depletion of reserves from stoping areas. For most 
mines, once the ore has been blocked out, the perimeter 
of each pillar is sampled on equally spaced centers. 
Large-scale assay maps are produced from these sample 
data. When the mine maps are in the same plane as the 
ore body, pillar areas can be planimetered to estimate 
tonnages accurately. Weighted averages for all of the 
sample points are calculated to produce ore grades for 


the pillar, as shown in Fig. 7. Because ore minerals 
usually are not distributed homogeneously throughout 
an ore body, it may be necessary to spot check the 
sample locations, a task easily accomplished by bulk 
sampling the points where channel samples are in doubt. 


Production Grades 


Day-to-day sampling procedures provide sample 
control for daily production. Mine-head grade, as 
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Fig. 5. Example of a large-scale mine map. 


opposed to mill-head grade, is watched closely to assure 
that the mill receives the proper grade of ore. Mine- 
head grade is monitored by taking grab samples from 
every Car, train, or shipment of ore. The sample assays 
for a working day then are computed, with their respec- 
tive tonnages, for a weighted average grade that should 
be an approximate mine-head grade. 


Internal Checks 


Onc duty of the sampling department is to run 
internal checks on the in-house sampling accuracy. The 
simplest method is to compare daily production sampling 
with a calculated composite grade of all other mine 
samples (weighted appropriately for their representative 
proportions), finally comparing these against the mill’s 
production. The sampling program should provide 
cnough varied forms of sample data, including ore 
reserves, so that different combinations of daily sampling 
data can be used to determine the accuracy of the pro- 
gram. There never can be enough samples; the infor- 
mation that they provide is essential to meet the produc- 
t1on quotas. 


DILUTION AND RECOVERY 


In a mining context, dilution is the extracted tonnage 
of material below the economic cutoff grade for the 
mine. The extracted material may conwin the mineral 
being mined but in insufficient quantities to be recovered 


economically. Dilution must be kept within the eco- 
nomic limits of the mining operation. Under existing 
economic conditions, maximum mining efficiency can be 
defined as 0% dilution at 100% extraction of the 
mineral being mined. 

There are two stages in the development of a minc 
when mine dilution occurs—preproduction dilution esti- 
mates based upon the mining method and dilution duc 
to overbreak during the mining process. Once a min- 
eralized trend has been delimited sufficiently to be’ 
designated as an ore body, a mining method is chosen 
to produce the maximum amount of ore with minimum 
dilution. Mining methods such as block caving, sub- 
level stoping, or room-and-pillar mining have character- 
istic dilution and recovery rates that are dependent on 
factors such as the mine depth, rock competency, ore 
type, and methods of internal mine support. Self- 
supported openings are more selective and yield lower 
dilution rates than block-caving methods. A high degree 
of control over what rock is broken as ore in self- 
supported openings develops dilution rates from 5% to 
15% and recovery rates ranging from 60% to 85%. 
Caving systems rely almost entirely on the inherent 
ability of the rock to fracture. Features such as dikes, 
joint patterns, and heterogeneity control the caving and 
can add unwanted dilution. Excessive dilution during 
caving may result in an early termination of mining, in 
turn reducing the overall mine recovery. Dilution in 
excess of 15% usually is expected in block caving, with 
extraction rates of 85% to 100%. Experience based 
upon known mines is the best indicator for predicting 
dilution rates for different caving methods. 

During the mining process, internal rock characteris- 
tics and the efficiency of the chosen mining method have 
a direct effect on dilution. Highly fractured or incom- 
petent back and ribs do not support open ground, adding 
waste to the mined ore. Unexpected ground problems, 
marginal-grade mineralized zones around the ore body, 
and crushed pillars all add unwanted dilution. Mining 
costs also increase when such areas must be supported 
by excessive timbering or other support techniques. 
Controlling and reducing dilution by increasing mining 
costs is profitable as long as the increased mining cost 
is equal to or less than the economic effects of reduced 
dilution (Ingler, 1975). 

Dilution during mining is calculated by actual mea- 
surement and is a quantitative means for reporting the 
effectiveness of the mining operation. Fig. 8 illustrates 
a standard method for calculating mining dilution. 


SAMPLING PROCEDURES AT THE 
HOMESTAKE MINE 


STEVEN MITCHELL 


The Homestake gold mine is located in the Black 
Hills, in Lawrence County, at Lead, SD. 


General Geology 


During the Precambrian era, an accumulation of 
mudstone was deposited and later highly refolded and 
transformed by regional metamorphism. Extreme com- 
pressional effects resulted in a plastic-type flow of the 
rocks, producing a series of anticlines and synclines, 
locally known as “ledges.” Fig. 9 illustrates a cross 
section of the ledge structure. After much erosion, 
sediments of the Paleozoic and Mesozoic eras accumu- 
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Fig. 6. A small-scale longitudinal section with accompanying plan view. 
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Tons and pounds in place can then be added to ore reserve 
figures with the appropriate extraction and dilution rates , to 
yield mining ore reserves. 


Fig. 7. Ore reserve calculations from a large-scale mine map. 
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Fig. 8. Calculation of mining dilution. 


lated, forming the following stratigraphic sequence 
(Noble and Harder, 1948): 


Tertiary, Quaternary, and Recent Gravel Deposits 
*Unconformity* 
Tertiary Intrusive Rocks 
Cambrian Deadwood Formation 
[90 to 150 m (300 to 500 ft)] 
*Unconformity* © 
Precambrian Intrusive Rocks 
Precambrian Sedimentary Rocks 
Grizzly Formation (910 m (3000 ft)] 
Flag Rock Formation [1520 m (5000 ft)] 
*Unconformity* 

Northwestern Formation [1220 m (4000 ft) ] 
Ellison Formation [910 to 1520 m (3000 to 5000 ft)] 
Homestake Formation [60 to 90 m (200 to 300 ft)] 
Poorman Formation [610+ m (2000+ ft)] 


Generally, all of the gold ore found within the mine 
is located exclusively within the Homestake formation 
at a depth of 60 to 90 m (200 to 300 ft). However, not 
all of the Homestake formation is mineralized, and the 
values that are found often are distributed very errati- 
cally. Sideroplesite within the Homestake formation 
generally is fine grained, except in the ore zones where 
the grain size increases with the degree of mineraliza- 
tion. Banding due to varying amounts of graphite is 
common in certain areas of the ore body. In addition 
to sideroplesite and graphite, the Homestake formation 
contains quartz, biotite, chlorite, pyrite, chalcopyrite, 
pyrrhotite, arsenopyrite, and ankerite. The gold content 
averages approximately 5 g/t (0.2 oz per st). 


Mine Sampling 


The various methods of sampling at the Homestake 
mine can be summarized as: primary sampling with 
diamond-drill holes and dry drills; secondary sampling 
with test holes, drill samples, and pick samples; and 
check sampling with grab samples and car samples. 

The applicability of these sampling methods is gov- 
erned by factors such as the adaptability to the area 
being sampled, the reliability of the samples that can 
be recovered, the associated operating costs, and the 
duration of any one method. 

Primary Sampling: Diamond drilling and dry-drill 
sampling probably are the most reliable sampling meth- 
ods currently used at the Homestake mine. However, 
the cost and expertise required to obtain representative 
samples makes these methods impractical for implemen- 
tation at the production stage. Consequently, diamond 
drilling and dry drilling are development-stage sampling 
methods used exclusively by the geologists in estimating 
tonnages and ore grades for each stope block throughout 
the mine. 

Diamond Drilling—As shown in Fig. 10, currently 
used diamond drills are pneumatically powered and 
utilize water as the drilling medium. An “AQ” wireline 
overshot apparatus is used on all drills to remove the 
inner barrel and rock core, without physically pulling 
the rods. Unfortunately, such core drilling is a rela- 
tively slow and expensive process. Although distances 
of up to 58 m (190 ft) have been reported, progress of 
12 m (40 ft) per 8.5-hr shift per drill crew is considered 
to be average. The total operating costs for AQ wireline 
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Fig. 9. Cross section of a nine-ledge structure. 


drilling are approximated at $18.04/m [$5.50 per ft 
(1977 US $)]. j 

Dry Drilling—For several years, the LeRoi Dry 
Ductor drill (LLV) has been used as a primary sampling 
device. The recovery of dry-drill cuttings is about 90%. 
Because the cuttings are drawn back through the drill 
rods, a special 25-mm (1.0-in.) drill rod is required in 
conjunction with a 41-mm (1.625-in.) Vacumatic® bit. 
Dry-drilling sample data are used by the geologists to 
supplement the diamond-drill data in estimating the ore 
Tescrvcs. 

Secondary Sampling: Test holes and drill samples 
both involve collecting the wet drill cuttings or sludge 
from percussion jackleg drills. These two sampling 
methods are used extensively within the active stoping 
blocks that have been outlined by previous diamond- 
drill and dry-drill sampling procedures. 

Test Holes—To obtain a representative sample at 
the mining fact, test holes are drilled across the “grain” 
of the orc-bcaring Homestake formation. To begin the 
process, the collar of the test hole is drilled approxi- 


| 
HOMESTAKE FORMATION > a - 2 Sr ea ar ea ah 


©®DOQOOOOHOOO OOOO + 





p= 8600 Ft VEVEL 


a 


von 

ORIFT 

CROSSCUT 

RAISE 

DIAMOND DRILL HOLES FROM RA:SE 
TIMBERLINE IN CROSSCUT 
ACTIVE STOPES 

COMPLETED STOPE 

TWO STOPES MERGED 

STOPE HOPPERED FROM RAISE 
OIVERGED STOPE AROUND BARREN PILLAR 
TIMBERED OREPASS AND MANWAY 
RAISE ORIVING 

PROPOSED CROSSCUT 

PROPOSED RAISE 


MORIZONTAL DIAMOND ORILL HOLE FROM DRIFT 
INCLINED DIAMOND DRILL HOLE FROM ORIFT 





mately 254 mm (10 in.) into the wall. Then, a drain Fig. 10. An air-powered AQ wireline drill. 
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hole is drilled upward at the flattest possible angle to 
intersect the bottom of the test hole. A piece of hose 
or pipe, about 0.6 m (2 ft) long and having a beveled 
end, then is inserted tightly into the drain hole, and a 
canvas sack measuring 356 X 254 mm (14 X 10 in.) is 
attached by a rope onto the end of the drain pipe to 
collect the wet cuttings. 

Using a minimum amount of drilling water, the test 
hole then is drilled to a depth of 1.5 m (5 ft). The 
sample sack is removed from the pipe, and the cuttings 
within the sack are allowed to settle before the water is 
decanted off. Finally, the test hole is extended to a 
depth of 4.6 m (15 ft), with a separate sample col- 
lected every 1.5 m (5 ft). The hole is flushed thoroughly 
between cach sample, and care must be taken to assure 
that the correct sample tag is placed within the corre- 
sponding sample sack. 

Back samples are taken from a type of test hole used 
extensively within each open cut-and-fill (OCF) stope 
in the mine. These samples are collected exactly as 
described in the preceding paragraphs, taking them from 
sections located on 6.1-m (20-ft) spacings along the 
entire back of the OCF stope; Fig. 11 illustrates the 
spacings. The angle and length of these holes usually 
are 0.52 rad (30°) and 4.6 m (15 ft), respectively. 
Ideally, cach test hole samples the back to a height of 
2.3 m (7.5 ft). However, an average blast in an OCF 
stope breaks a 3.0-m (10-ft) horizontal slice of rock 
out of the back so about 33% of the rock broken as ore 
is beyond the limits of the sampled volume. In most 
stopes, the sample density, as shown in Fig. 12, is ap- 
proximately 66 t (73 st) per ore sample. 

At the ends of each row or section of sample holes, 
additional 4.6-m (15-ft) test holes often are drilled into 
the footwall and hanging wall. These holes are drilled 
approximately 50% of the way between the floor and 
the end back-sample test hole in that row. In addition 
to the back samples and the wall samples, each stope 
usually contains at least 10 to 15 other test holes. Those 
holes generally are used to check back-sampled areas 
that are of questionable ore grade or to test for possible 
ore extensions within the areas of the stope walls. 

Drill Samples—Drill samples are similar to those 
taken from test holes, except that the cuttings from an 
entire hole are collected, rather than from separate and 
distinct intervals within the hole. If a drift round is to 
be sampled by a drill hole, the cuttings normally are 
allowed to run onto the floor of the drift until the 
round is completed. The cuttings then are loosened with 
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Fig. 11. Typical map showing test-hole pattern in an open 
cut-and-fill (OCF) stope (1 ft = 0.3048 m). 


a pick and placed into a sample sack, along with an 
identifying tag. Often, an extension hole is drilled to 
sample the rock ahead of the round that presently is 
being drilled. In that case, the cuttings are collected in 
the same manner as for a test hole. 

Pick Samples—If properly taken, the pick sample is 
reliable, and it is used in conjunction with test holes 
and drill samples. Pick samples are used at the faces 
of drift rounds, slab rounds, and raise rounds. A typical 
area to be sampled usually is about 0.3 m (1.0 ft) wide 
and up to 2.4 m (8.0 ft) long. Small pieces of rock 
are chipped from within this arca, taking care to remove 
equal amounts of rock across the grain and across the 
entire face of the drift or raise round to assure a reliable 
and representative sample. A pick sample does not 
relate to the size or extent of the body of rock behind 
the face. 

Check Sampling: Check sampling serves only to 
indicate rock grade that has been mined previously and 
is now lying in the broken state. A sufficient portion 
of the rock is gathered at random to constitute a repre- 
sentative sample. Such a sample is a valuable tool for 
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checking the reliability of primary and secondary sam- 
pling and to reveal sources of undesirable dilution. 

Grab Samples—Grab samples test piles of rock that 
have been mined but are of questionable gold content. 
Normally, a grab sample is collected by having two or 
three people randomly select rocks from several loca- 
tions on the pile. A sample sack then constitutes one 
grab sample from that stope. If large rocks are pre- 
dominant throughout the broken pile, pieces of these 
rocks are broken off and placed into the sampie sacks. 

Car Samples—Car samples usually are taken by the 
chute puller or motorman. A car sample should consist 
of at Icast 75% of a sack of rock, removed in equal 
amounts from cach car of a 10-car train. Like grab 
samples, car samples are used to substantiate the relia- 
bility and accuracy of the stope sampling methods. If 
the car samples are taken properly and consistently 
from all producing areas, they allow daily ascertainment 
of the average run-of-mine grade. 


Ore Reserve Estimates . 

Tonnage and Grade: In estimating tonnage and 
yrade, the first step is to implement a diamond-drilling 
program on the mince levels situated within a particular 
stope block. Customarily, the mine Icvels are 46 m 
(150 ft) apart vertically and diamond-drill stations on 
individual Ievels are located on stope reference lines 
29 to 31 m (95 to 102 ft) apart. As cach horizontal 
hole is drilled through the ore body, the core is col- 
lected, logged, and fire assayed; the resulting data are 
recorded on geologic level-plan maps. To suppiement 
these data, dry-drill samples also are obtained between 
successive diamond-drilling stations. 

In a similar fashion, data derived from angle-hole 
drilling and raise drilling are plotted on geologic cross 
sections that conform to vertical projections of the stope 
reference lines. Usually, the plan maps and cross sec- 
tions are the only means by which the geologist can 
estimate the tonnage and grade within a particular stope 
block. 

Once the sampling data have been plotted on maps 
and cross sections, a stoping outline can be established 
in accordance with the overall mine cutoff grade (deter- 
mined by prevailing economic conditions). At present 
(1978), there are five techniques used for estimating 
tonnages, all of which are variations of the polygon 
method of calculating ore reserves. For example, an 
idcal situation would be one in which the stope outline 
conforms to a cross-sectional triangle. With such a con- 
figuration, the tonnage can be estimated using a “wedge” 
volume calculation. 

To estimate the grade for this same stope block, a 
variable dilution factor would be incorporated into the 
calculation to compensate for hanging wall dilution, as 
well as for dilution from the hydraulically backfilled 
sand floor used in OCF stoping. The averages of the 
assays from the level plans and cross sections then 
would be weighted in relation to the size of the plani- 
metered area in that plan or cross section. Finally, as 
with any estimate, the tonnage and grade would be 
upgraded constantly as test-hole samples became avail- 
able from actual stope production. 

Production Forecasting: Ultimately, the ore esti- 
mates from each stope block on every level are added 
together to arrive at a total figure for the ore reserves. 


Every month thereafter the ore estimates for each poten- 
tially productive stope are reviewed and a forecast is 
made to predict the upcoming month’s ore production 
and grade for the entire mine. Similar forecasts are 
made for mine production six months and one year in 
advance. Then, check samples from every ore and waste 
transfer system—from the mine to the mill—can be 
compared to the calculations, allowing correlation stud- 
ies for the reliability of the primary and secondary 


sampling methods and for the accuracy of the ore- 


estimating technique. 
Conclusions 


The sampling procedures used at the Homestake 
mine have proven to be a satisfactory method of esti- 
mating ore reserves. However, the system has many 
pitfalls, requiring constant and rigid supervision of all 
phases to avoid faulty data that would cause serious 
errors in the ore estimates and grade control. 


SAMPLING PRACTICES AT THE 
HENDERSON MINE 


BRUCE R. STANLEY 


The Henderson molybdenite ( MoS.) deposit is 
located 1100 m (3600 ft) under the 3750-m (12,31 1-ft) 
summit of Red Mountain in Colorado. Red Mountain is 
located in the Daley mining district at the extreme 
western edge of the Colorado mineral belt and is 13 km 
(8 miles) west of the town of Empire and about 69 km 
(43 miles) west of Denver. 


General Geology 


The geology at Red Mountain consists of a classic 
subvolcanic rhyolite porphyry sequence emplaced dur- 
ing the mid-Tertiary period in multiphase Precambrian 
Silver Plume granite of the Front Range. Fig. 13 illus- 
trates a generalized geologic map of the area. 

Emplacement of the porphyries probably was local- 
ized by the intersection of major Precambrian faults 
reactivated in the Tertiary period. Igneous pulses, some 
never quite reaching the surface, cooled and crystallized 
into a pipe-shaped complex that consists of at least two 
breccia dikes, several rhyolitic dike systems, and six 
plugs. The earliest plug and the lower related stock 
complex probably were responsible for the molybdenite 
mineralization. Stockwork quartz-molybdenite mineral- 
ization occurs both in the extensively fractured granite 
and porphyry breccia near the top of Red Mountain 
(Urad ore body) and in the more coarsely crystalline 
Urad-Primos porphyry Henderson-granite stock com- 
plex deep beneath Red Mountain (Henderson ore 
body). 

The Henderson ore body, 820 m (2700 ft) directly 
below the base of the Urad deposits, has the shape of an 
inverted teacup, elongated in a northeast direction. The 
ore body is asymmetric and bilobate in section, and the 
total extent of the known mineralization measures 305 m 
(1000 ft) thick and 610 x 915 m (2000 x 3000 ft) in 
plan. 

Increasing in intensity from the outer fringes toward 
the center of the ore body, the main alteration types 
enveloping the deposit include the porphylitic, argillic, 
quartz-sericite-pyrite, and potassic zones. Ten altera- 
tion zones have been identified at the Henderson mine. 
as shown in Fig. 14. 

The ore body is sampled by underground diamond 
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Fig. 13. Generalized geologic map of Red Mountain showing Section 480H of Fig. 14 
(modified from Epis and Weimer, 1976). 


drill holes, using an east-west fan pattern originating on 
the 8035 level. These fans are spaced roughly 61 m 
(200 ft) apart in the north-south direction and are 
designed to intercept the 0.2-0.3 zone interface at a 
spacing of about 61 m (200 ft). The cores obtained are 
logged and assayed every 3 m (10 ft), and the data are 
plotted on cross sections. The geology department then 


contours the grade zones on the cross sections according 
to simple averaging techniques and personal expcrtisc. 


Mine Sampling 


Although every mine would like to have an absolute 
value for the grade being produced in each mine loca- 
tion, general sampling theories are not applicable in all 
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Fig. 14. Generalized geologic cross section of Red Mountain, Section 480H (modified 


from Epis and Weimer, 1976). 


situations since mincralogical structures vary greatly. 
The two best situations that could be encountcred are a 
wide vein deposit and an homogeneous porphyry ore 
body. For each, fairly simple sampling methods can be 
utilized to give reasonably good results. 

Sampling in a porphyry is not a precise science. 
Chip and channel sampling can be difficult in many 
locations, leaving grab sampling the only logical alterna- 
live. Such grab sampling consists of taking pieces of 
rock at random from a desired location. Since a single 
rock cannot be expected to represent the location’s 
grade, a 4.5 to 6.8-kg (10 to 15-lb) composite is com- 
piled as a sample from randomly chosen pieces taken 
from all parts of the rock pile. 

When the rock is shot or caved, it loses the structure 
that might have been definable when it was in place. 
A mathematical-trend grade then must be established, 


rather than a structural-grade trend. Many pcople 
believe taking larger samples automatically provides 
better values. Since it is impractical to take 1.8-t 
(2.0-st) samples, a consistent sampling schedule is best 
when used with a consistent sample size of 4.5 to 6.8 kg 
(10 to 15 Ib); smail individual samples produce erratic 
results in that type of ore body. Typically, a 1.0-g 
(0.03-0z) grain of 6.4-mm (0.25-in.) molybdenite con- 
tributes 0.19% to the assay of a 0.5-kg (1.0-Ib) sample 
of 6.4-mm (1.0-in.) material. 

In development and production sampling, a series of 
actual assays is analyzed for a “best-fit” trend, using 
an interactive forecasting system of computer programs. 
A number of methods were tested on the data, and an 
exponential smoothing method of forecasting was found 
to provide the best indication of grade trends. Using 
the last eight assays for any one working area, it is 











SAMPLING, DILUTION, AND RECOVERY 151 


possible to predict the grade trend by weighting the 
most recent assay heaviest and each recessive assay less 
heavily according to the exponential formula. At this 
property, the method has been found to be accurate 
within 5% of the true values obtained. 

These theories are applicd to general daily sampling 
practices, while some further specifics are necessary in 
the catcgorics of daily development sampling, daily 
production sampling, and ore-reserve sampling. 

Daily Development Sampling: Many levels through- 
out the mine contribute to the development tonnage, 
but only three major levels are considered for develop- 
ment grades (various other levels are lumped into one 
of the three categories). Development samples are 
taken in an area currently being worked, so the trend 
grade obtained represents an entire area, rather than 
any one devclopment heading. Although seemingly an 
inaccurate approach, the development tonnage is such 
a minor proportion compared to the production ton- 
nage that inconsistencies make little or no difference to 
the overall results. 

Daily Production Sampling: Production tonnage is 
considered to be only the tonnage extracted from the 
cave (a massive caving system is used at the Henderson 
mine). Therefore, the production samples are taken 
only at drawpoints, assuring accurate records of the 
grade at cach location. Newly caved areas or areas still 
well within the ore column (with respect to grade) are 
sampled at the drawpoint at a rate of one 6.8-kg (15-Ib) 
sampic per 360 t (400 st) drawn. New grade trends 
are calculated by computer after each new sample assay 
is reccived, with the least recent assay eliminated from 
the historical list. As the drawpoints begin to exhibit 
decreasing grades, the frequency of sampling is in- 
creascd, with a drawpoint being sampled each day as it 
approaches the cutoff grade. The sampling is accom- 
plished by the operators of the load-haul-dump (LHD) 
vchicles—a procedure that may serve to be inconsistent 
but also may compensate for biases introduced by each 
individual’s sampling habits. 

Ore Reserve Sampling: Sampling for ore reserves is 
a completely separate system from the daily develop- 
ment and production samplings. Diamond drilling is 
used to obtain samples for determining the ore zones 
and geological characteristics of the deposit. Currently, 
all such drilling is done from underground, and the 
corcs arc split for assaying and logging purposes. Drill- 
ings arc conducted in fan patterns laid out to intercept 
a theorctical 0.2% to 0.1% interface at approximately 
61-m (200-ft) intervals. The fans are lined up from 
cast to west, with the rows of fans spaced on centers 
about 61 m (200 ft) apart from north to south. The 
drill cores are sampled in 3-m (10-ft) lengths, and the 
asSays are entered into a computer file for easy retrieval 
of the associated geologic and assay information. 


Conclusions 


The subjects of ore reserves, grade calculations, and 
tonnage calculations are direct applications of geostatis- 
tics beyond the scope of this section. The calculations 
for percentage recovery and percentage dilution cannot 
be explained adequately at this time. The figures used 
at the Henderson mine have been taken directly from 
the Climax and Urad mines and from the experience 
derived at those mines. At Henderson, there simply has 


not been sufficient expericnce and data to develop a 
significantly different figure, although future data and 
experience are expected to provide better information 
for these purposes. 


SAMPLING PROCEDURES AT 
RIO ALGOM’S LISBON MINE 


The Lisbon mine, in the Big Indian district, is located 
at the northern end of the Lisbon Valley, San Juan 
County, UT, and is approximately 56 km (35 miles) 
southeast of the town of Moab. The Big Indian mining 
district forms a belt approximately 25 km (15 miles) 
long and 0.8 km (0.5 mile) wide on the southwestern 
limb of a breached salt anticline. 


General Geology 


The Lisbon mine is on the downthrown side of the 
Lisbon fault at a depth of 790 m (2600 ft) along a 
northwesterly mineralized trend. Mineralization occurs 
in the basal 9 m (30 ft) of the Moss Back member of 
the Chinle formation (Triassic age). A generalized 
stratigraphic section is shown in Fig. 15. 

Generally, ore thicknesses in the district average 
1.8 m (6 ft) and usually are close to the Triassic un- 
conformity. The deposits are tabular, with the ore being 
concordant to the bedding. The Moss Back is fluvial- 
lacustrine fine-grained sandstone, conglomeritic sand- 
stone, and interbedded mudstones. Most units are 
carbonaceous to varying degrees. Sandstones are the 
important host rock but, where mudstone lenses are 
interbedded with mineralized sandstones, they usually 
are mineralized. 

The principal ore mineral is uraninite, occurring in- 
terstitially, partially replacing sand grains and mudstone 
clasts and, to varying degrees, also replacing carbona- 
ceous material. A district average places the grade of 
ore at 0.39% uranium oxide (U,0,) (Wood, 1967). 
Mine Sampling 

Various accepted sampling procedures have been 
employed at the Lisbon mine. As a result, the standard 
sampling practice historically used in the district with 
slight modifications is now being used. Workable results 
have been produced from a program consisting of de- 
velopment sampling, production sampling, ore reserve 
sampling, and check sampling. 

Development Sampling: Due to the mine’s depth 
and nature of mineralization, close-spaced surface drill- 
ing to outline the ore body was impractical. A rather 
wide-spaced program outlined the major mineralized ore 
trend. Current mining economics and the tabular form 
of the deposit also limit the underground exploration 
drilling of the ore reserves. 

A workable alternative to closed-space surface drill- 
ing is to use existing surfacc drill holes as a guide for 
mining, while keeping close control of individual mining 
faces on a daily basis to delimit the assay wall bounda- 
ries. Development sampling provides data cnabling the 
mining department to balance the development ore with 
the stoping ore for optimum mill feed. Three times a 
day, every working face in the mine is scanned radio- 
metrically. Ore and waste boundaries are marked di- 
rectly on the working face. Samplers then can control 
mining heights for excessive overbreak or, where the ore 
thickness exceeds the face height, they can be adjusted 
accordingly. 
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Fig. 15. Generalized stratigraphic section in the Lisbon Valley area (Wood, 1967). 
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When a face has not been cleaned from the previous 
round, the muck pile is probed for its average grade. 
Close sampling of this type enables better control over 
the mining dilution and provides grade control at the 
mine face by separating ore from waste before haulage. 

The voluminous samples act as an averaging tool for 
erratic ore or any nugget effects. Since uranium min- 
cralization is rather spotty, placing a high degree of 
confidence .in a few samples is misleading. Daily aver- 
ages of 500 to 1000 samples, along with check samples, 
thcorctically provide a means of good data averaging for 
the crratic nature of the mineralization. Internal sam- 
pling errors, problems with the sampling technique, or 
cquipment failures also become easier to detect. 

As a matter of practice, chip samples at the face and 
grab samples of muck piles are taken on a regular basis. 
Since radiometric sampling is of questionable accuracy, 
other sampling methods are used as internal checks. 
Any malfunctioning or miscalibrated equipment then 
can be corrected. Furthermore, rock samples can be 
assayed for any disequilibrium inherent in uranium 
deposits. 

In addition to scanning faces and probing muck 
piles, test holes are drilled at regular intervals in the 
development headings. The test holes generally are 
drilled on 6.1-m (20-ft) centers, at an angle of +1.57 
rad (+90°) and between depths of 1.8 and 6.1 m (6 
and 20 ft). As many as three separate ore bands have 
been mined; on a regular basis, test holing defined this 
irregular mineralization above or below the main ore 
zone, as shown in Fig. 16. 

Production Sampling: Production sampling simply 
consists of car sampling. Since a reliable daily produc- 
tion grade is needed for the various stopes, each ore car 
is probed radiometrically several times before being 
skipped to the surface. These car probes then are aver- 
aged by the day and computed to arrive at a daily 
estimate of grade and tonnage. 

Although this technique is only as accurate as the 
individual doing the sampling, the results over an ex- 
tended pcriod usually correlate well with the ore reserve 
grades and mill heads. Periodic checks are performed 
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to determine the accuracy of the probing, taking grab 
samples in equal proportion from each car in a train. 
Assays from the laboratory then are compared to radio- 
metric probing results to detect any irregularities. 

Ore Reserve Sampling: Once the pillars have been 
blocked out for mining, their grades and tonnages must 
be calculated for the mine’s ore reserves. The method 
is similar to development sampling, with each pillar 
radiometrically scanned on 3-m (10-ft) centers around 
its perimeter. A weighted average of height vs. grade 
then is computed for each sample point. In turn, each 
weighted sample is weighted against all sampled points 
for the pillar. The result is the weighted height and 
grade for the pillar (refer to Fig. 7). From these values, 
it is easy to arrive at the extractable tons and kilograms 
(pounds) per pillar. Periodically, the mining grades 
from the pillars do not compare with the ore reserves 
exactly; the usual causes are ore variations within the 
pillars and, to a lesser extent, uncontrollable dilution. 

Check sampling of the ore reserves is accomplished 
best by comparison with the production rates. Once 
the stoping operations begin, if excess dilution is held 
to a minimum as outlined by pillar scanning, production 
grades for the pillar life should correlate with the ore 
reserves. Excess dilution is easy to detect from the 
increased tonnage and resultant decrease in grade. 

Check Sampling: Although check samples have been 
described in the preceding paragraphs, their importance 
warrants a further comment. All phases of the sampling 
program are checked independently, examining the 
efficiency of each sampling area, development sampling, 
production sampling, and ore reserve sampling. Thus, 
any improvements or corrections can be made without 
affecting the entire program. If all phases check with 
the daily sampling procedures, the entire program can 
be evaluated on the weighted average of each, enabling 
all aspects of the sampling program to be checked, 
adding to the validity of the results. 


Recovery and Dilution 


Initially, recovery estimates are an engineering prob- 
lem. Factors such as the mining method, rock types, 
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Fig. 16. Example of test holing to locate small irregular ore pods above or below the main ore zone. 
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Table 1. In-Place Ore Reserve Calculations 
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True Yield 
Hole Area, Thickness, Grade, Tonnage, kg (Ib) 
Number mé (sq ft) m (ft) %*ULN, t (st) Up, 
52 26 268 1.3 0.21 86 184 180 987 
(282,743) (4.2) (95,002) (399,007) 
53 11 675 1.7 0.18 51 071 91 930 
(125,664) (5.6) (56,297) (202,670) 
54 11675 0.9 0.29 28 272 81 989 
(125,664) (3.1) (31,165) (180,755) 
55 8 602 2.0 0.15 43 677 65 516 
(92,589) (6.5) (48,146) (144,439) 
Totals: 58 219 1.4 0.20 209 206 420 422 
(626,660) (4.6) (230,610) (926,871) 
Adjust to 
2.0-m (6.5-ft) 
mining 2.0 0.14 295 618 420 422 
height: (6.5) (325,863) (926,871) eg 
Mine Extraction 
at 75%: 2.0 0.14 221 713 315 316 
(6.5) (244,397) (695,153) 
Dilution 
at 15%: 2.0 0.12 254 970 315 316 
(6.5) (281,056) (695,153) 
Totals: 2.0 0.12 254 970 315 316 
(6.5) (281,056) (695,153) 


mine depth, and past performance arc all considerations 
when performing the initial calculations of the mine 
production. Weighing all of these factors, the Lisbon 
mine was set up at 75% extraction and 15% dilution. 
Using a theoretical example of a drill intercept with 
0.9 m (3.1 ft) at 0.29% U,O,, Table 1 lists the extrac- 
tion and dilution applied to hypothetical ore reserves 
from surface drilling. 

During the mining operations, recovery is calculated 
from proven ore reserves by subtracting the actual pro- 
duction tonnages. They are daily recovery guides and 
are used to modify mining operations on a daily basis. 
An ore reserve reconciliation is calculated every six 
months; partially mined pillars are planimetered and 
the ore reserves are revised accordingly. Any newly 
devcloped areas then are added to the reserves. As the 
mining operations arc modified and become more effi- 
cient, an improvement over the original recovery esti- 
mate is developed. 

At the Lisbon mine, dilution is reported to manage- 
ment in terms of mining dilution (refer to Fig. 8). In 
cifect, this is a measurement of the mining efficiency. 
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ABSTRACT 


This Bureau of Mines publication presents a method for estimating capital and operating costs 
associated with the exploration, mining, and processing of placer deposits. To ensure represent- 
ative cost estimates, operational parameters for placering equipment and basic principles of placer 
mining techniques are detailed. 


' Mining engineer, Western Field Operations Center, Bureau of Mines. Spokane, WA. 


INTRODUCTION 


In 1974, the Bureau of Mines began a systematic assess- 
ment of U.S. mineral supplies under its Minerals Avail- 
ability Program (MAP). To aid in this program, a technique 
was developed to estimate capital and operating costs 
associated with various mining methods. This technique, 
developed.under a Bureau contract by STRAAM Engineers, 
Inc., was completed in 1975, then updated in 1983. During 
the course of the update, it was noted that few provisions 
were made for estimating the costs of small-scale mining 
and milling methods typically associated with placer min- 
ing. The popularity and widespread use of placer mining 
methods indicated that a cost estimating system for placer 
mining would be of value to prospectors, miners, investors, 
and government evaluators. 

This report has been written to aid those involved with 
placer mining in the estimation of costs to recover valuable 
minerals from placer deposits. It relies on the principle that 
cost estimates will be representative only if calculated for 
technically feasible mining operations. Because the design 
of such an operation can be difficult, provisions have been 
made to assist the user in achieving this goal. 

Section 1 of the report describes the processes involved 
in placering, and may be used to aid in designing a viable 
mine. Operational parameters for equipment commonly 
used in placer exploration, mining, and processing are 
discussed, as well as basic principles of successful placer 


mining techniques. If the reader is unfamiliar with this 
form of mining, section 1 should be thoroughly understood 
prior to estimating costs. 

Section 2 contains cost equations that enable the user 
to estimate capital and operating costs of specific placer 
techniques. Cost equations are designed to handle the wide 
variety of conditions commonly found in placer deposits. 
This allows the reader to tailor estimates to the 
characteristics of a particular deposit, which ensures 
representative costs. Although based primarily on gold 
placer operations, cost equations are valid for any other com- 
modity found in deposits of unconsolidated material. Equa- 
tions are geared to operations handling between 20 and 500 
LCYhh of material (pay gravel plus overburden). Estimated 
costs are representative of operations in the western United 
States and Alaska, and are based on a cost date of January 
1985. 

The appendix provides an example of placer mine design 
and cost estimation using the information contained in this 
report. 

This report is not intended to be an exhaustive discus- 
sion of placer mining. Many detailed texts have been writ- 
ten on this process, any one of which will assist the reader 
in method design. A number of these are listed in the 
bibliographies accompanying sections 1 and 2. 
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SECTION 1.—PLACER MINE DESIGN 


The complete design of a placer mine involves the in- 
tegration of exploration, mining, processing, and sup- 
plemental systems for the efficient recovery of valuable 
minerals from an alluvial deposit. This design is the first 
step in accurate cost estimation. j 

In this section, individual systems are categorized as 
follows: 


1. Exploration.—The phase of the operation in which 
resources are delineated. Because the amount of time and 
effort spent on discovery is difficult to tie to any one specific 
deposit, only the processes of delineation and definition are 
costed. Field reconnaissance, drilling, and panning are 
representative of items in this category. 

2. Mining.—Deposit development, material excavation 
and transportation, and feeding of the mill are all in- 
cluded in this category. Items such as clearing and over- 
burden removal are also included. 

3. Processing.—Processing is defined as all tasks required 
to separate the desired mineral products from valueless 
material. 

4. Supplemental.—Any items not directly related to 
mineral recovery, but necessary for the operation of the 
mine. These might include buildings, employee housing, 
and settling pond construction. 


Before designing a placer mining operation, the 
evaluator will need information concerning the deposit 
under evaluation. Preliminary information helpful in ex- 
ploration program, mine, mill, and supplemental function 
design includes 

1. Description of deposit access. 

2. Anticipated exploration and deposit definition 
requirements. 

3. An estimate of deposit geometry and volume. 

4. Distribution and location of valuable minerals 
within the deposit. 


5. Geologic characteristics, volume and depth of 
overburden. : 

6. Depth, profile, and geologic characteristics of 
bedrock. 

7. Local topography. 

8. Physical characteristics and geologic nature of 
valuable minerals. 

9. Availability of water. 

10. Availability of power. 

11. Environmental considerations. 

12. Labor availability and local wage scales. 

13. Housing or camp requirements. 

Information should be as detailed as possible. By pro- 
viding such items as exact haul distances and gradients, 
accurate estimates of overburden thickness and deposit 
area, the evaluator will increase the precision of cost 
calculations. 

With the preceding information in hand and the help 
of the material contained in the following pages, the user 
will be able to design a technically feasible operation. The 
following sections will assist the evaluator in planning each 
phase of the mine. When designing systems for individual 
areas of operation, the evaluator must keep in mind that 
these systems will interact and must be compatible. For in- 
stance, hourly capacity of pay gravel excavation should 
equal mill feed rate, and the mill must be set up to easily 
accept gravel from the equipment used for material 
transportation. 

Most of the information contained in the following pages 
is based on average operating parameters and performance 
data for the various types of equipment used in placer min- 
ing. Costs and conclusions derived from this manual must 
be considered estimates only. Because of the many variables 
peculiar to individual deposits, the stated levels of equip- 
ment performance and costs may not be realized on any 
given job. 


EXPLORATION 


It can be safely stated that far more people seek placer 
deposits than actually mine them. Exploration for placer 
gold can be enjoyable work and has achieved a recreational 
status in the western United States. For the serious miner, 
however, exploration is only the initial phase of a complete 
mining operation. Consequently, it incurs a cost that must 
be repaid by the recovery of valuable minerals. 

For the purposes of this report, exploration is divided 
into two phases. The first phase involves locating the 
deposit, and the second consists of defining enough of a 
resource to either justify development or to eliminate the 
deposit from further consideration. 

Costs for the first phase of exploration are difficult to 
attribute to any one deposit. This type of exploration is 
typically regional in nature and deposit specifics are 
rarely considered. For cost estimation purposes, expenses 
associated with a specific deposit are the main concern. Only 
costs directly related to the definition of that particular 
deposit will be calculated. Accordingly, this discussion deals 
mainly with the deposit definition phase of exploration. 


Time, effort, and money spent on resource definition 
vary greatly from one deposit to the next. Some miners are 
satisfied with the degree of certainty obtainable with shovel, 
pan, and physical labor. Others, wishing more security, 
systematically trench or drill the deposit and process 
samples using some sort of mechanical concentrator. Still 
others, hoping for greater assurance, follow up drilling or 
trenching by bulk sampling using machinery intended for 
mining. These samples are then processed in a scaled-down 
version of the proposed mill. The extent of effort spent on 
deposit definition is related to 

1. Degree of certainty desired. 

2. Availability of capital. 

3. Experience of the operator. 

4. Historical continuity of similar or local deposits. 

It is intuitively obvious that the degree of certainty of 
success is related to the extent of exploration undertaken, 
and it is desirable to delineate the deposit as extensively 
as is practical prior to production. In many cases, however, 
lack of exploration capital and the need for cash-flow limit 


the exploration phase, and mining commences on the 
limited information at hand. Goals of a thorough explora- 
tion program include determination of 

1. Deposit volume. 

2. Deposit and overburden geometry. 

3. Deposit grade. 

4. Distribution of valuable minerals within the 
deposit. 

5. Geological and physical characteristics of the 
valuable minerals. 

6. Geological and physical characteristics of waste 
material. 

7. Location, geology, and physical nature of the 
bedrock. 

8. Water availability. 

9. Environmental concerns. 

Much of the information needed to estimate costs of 
developing and operating a placer mine is gathered during 
deposit exploration. Consequently, costs estimated after ex- 
ploration are much more precise than estimates made prior 
to exploration. 

In section 2 of this report, two methods are presented 
for estimating exploration costs. With the first, a cost can 
be calculated by simply estimating the total resource of the 
deposit. This method is based on total exploration expen- 
ditures for several active placer operations, but is not con- 
sidered as precise as the second method. 

The second method requires that the evaluator design 
an exploration plan. This plan should include the type and 
extent of each exploration method required, for example 

1. General reconnaissance, 5 days with a two-person 
crew. 

2. Seismic surveying, 10,000 linear ft. 

3. Churn drilling, 4,000 ft. 

4. Trenching, 1,000 yd°. 

5. Samples panned, 2,000. 

6. Camp facilities, four people for 20 days. 

To aid in developing this plan, some techniques com- 
monly employed for sampling and subsurface testing of 
placer deposits are discussed in the following paragraphs. 
These include panning, churn drilling, bucket drilling, 
rotary drilling, trenching, and seismic surveying. 


PANNING 


One of the most versatile and common sampling devices 
in placer mining is the gold pan. It is used as a recon- 
naissance tool, a sampling tool, and a concentrate refining 
tool. With a gold pan, the prospector has the ability to, in 
effect, conduct his or her assay work on-site with immediate 
results. Although accuracy may be poor, the prospector can 
determine in the field if gold is present and in roughly what 
amounts. 

The gold pan uses gravity separation to concentrate 
heavy minerals. Pans come in a variety of sizes, ranging 
in diameter from 12 to 16 in. An experienced panner can 
concentrate approximately 0.5 yd° gravel daily. Because of 
this limited capacity, panning can be costly when large 
volumes must be processed; however, low capital expense, 
ease of use, versatility, and portability make the gold pan 
invaluable. 

Immediate feedback when exploring or mining is a 
prime advantage of the gold pan. This one feature is ex- 
tremely important for eliminating areas of low potential 
during exploration, and for separating pay gravel from 


waste during production. Skilled use of a gold pan during 
the mining sequence can make or break the small mining 
operation. 


CHURN DRILLING 


Methods of drilling placer deposits are quite varied, but 
the most common technique is churn drilling: Typically, the 
churn drill uses percussion to drive casing down through 
the material being sampled (in some instances, casing is 
not used). After a length of casing is driven, the contents 
are recovered (bailed), another length of casing is added, 
and the process is repeated. Depths are usually restricted 
to less than 150 ft, and hole diameters range from 4 to 10 in. 

One advantage of this method is that sample process- 
ing keeps pace with drilling, allowing good control of drill- 
hole depth and instantaneous logging. A churn drill is 
generally operated by two people; the driller operates the 
drill, bails the sample, and keeps track of the depth of each 
run; the panner estimates the volume of the samples, pans 
them as they are recovered, and logs the hole. 

Drilling rates average about 2 ft/h but can reach as 
much as 4 ft/h in clay, soil, sand, pebbles and soft bedrock. 
The machine is suitable for drilling through cemented 
gravels and permafrost, although productivity will 
diminish. Penetration is drastically reduced in ground con- 
taining boulders and in competent or hard bedrock. 

Samples recovered from churn drill casings are often 
subject to volume changes caused by compaction or expan- 
sion of material within the casing. Sample volume changes 
can also be caused by compaction around the bit forcing 
material out into the surrounding formation, and by 
material “run-in” due to high deposit water content. One 
or more of these conditions may be encountered in any one 
deposit, requiring the application of volume corrections. 
This task is often difficult and requires the experience of 
a qualified driller or engineer. 


BUCKET DRILLING 


Bucket drilling, although not as popular as churn drill- 
ing, has important applications in placer deposit evalua- 
tion. Under ideal conditions, this technique is relatively fast 
and provides large samples. In this system, a standard 
rotary drill is equipped with a special “bucket” bit con- 
sisting of a 30- to 48-in-diam cylinder, 3 to 4 ft long. The 
bit is driven down through the deposit, using the rotational 
force of the drill, until the cylinder is full. As the bit is 
withdrawn, a mechanism closes off the bottom of the bit 
retaining the sample. The process is then repeated until the 
desired depth is reached. 

Bucket drills perform best in sands, soils, pebbles, and 
clays. Progress is slow, and sometimes impossible, in ground 
containing boulders, cemented gravel layers, and bedrock. 
The size of the bit tends to disperse drilling force over a large 
area, thereby reducing the effective penetration rate. For 
this reason the bucket drill quickly becomes inefficient in 
hard or compact material. Problems are also encountered 
in saturated ground, where water often washes away a por- 
tion of the sample as the bit is withdrawn. 

Bucket drilling extracts a much larger sample than 
other drilling methods. Consequently. the influence of the 
bit on compaction and expansion of material is reduced. 


ROTARY DRILLING 


This type of drill, commonly used for drilling large- 
diameter blastholes in surface mining, has found limited 
use in placer exploration. The only way to obtain a sample 
with this machine is to analyze drill cuttings. Because the 
method does not provide a core, it is difficult to associate 
a volume with the recovered material, and it is hard to 
estimate the depth horizon of the sample. 

Rotary drills are useful in that they provide a fast, in- 
expensive way to determine the depth of bedrock. Holes pro- 
vided by rotary drills range from 6 to 15 in. in diameter 
and reach any depth required for placer mining. Virtually 
any material can be drilled, and penetration rates are far 
superior to any other placer drilling method. Regardless of 
the steps taken, however, it is difficult to accurately 
estimate deposit grade with samples obtained from rotary 
drilling. 


TRENCHING 


In fairly shallow, dry deposits, trenching with a backhoe 
is an extremely effective sampling technique. The procedure 
involves digging a trench to bedrock, then obtaining 
material from a channel taken down one side of the trench. 
This material is then measured and analyzed, providing a 
grade estimate. Another method relates an assay analysis 
of all the material extracted by the backhoe to the volume 


of the trench. The disadvantage of this method is the in- 
ability to determine the horizon of valuable mineral con- 
centration. With either method, large-volume samples are 
available at a low cost. 

In sampling situations, backhoes can excavate from 20 
to 45 LCY/h. Sample control is typically good with little 
volume distortion or material dilution under properly con- 
trolled circumstances. Backhoes are relatively inexpensive, 
easy to operate, versatile, and readily available. The 
machine can dig a variety of formations, and digging depths 
as much 30 ft below the machine platforms are possible. 
In saturated ground, keeping the trench open for sampling 
is normally a major problem. 


SEISMIC SURVEYS 


In placer mining, bedrock depth plays a key role. 
Although not always the case, gold tends to concentrate 
near, on, or even in bedrock in a majority of placer deposits. 
Consequently, it is imperative to understand the nature of 
the bedrock and to design a mining method and select equip- 
ment based on its depth. 

One method of determining bedrock depth is seismic 
refraction or reflection. In simple terms, the technique in- 
volves bouncing sound energy off the relatively resistant 
bedrock to determine its depth. The method is much cheaper 
than drilling a series of holes and, if bedrock proves to be 
too deep for practical mining, may prevent unnecessary 
drilling. 


MINING 


Next, a method for excavation and and transportation 
of material contained in the deposit is needed. Mining 
methods are typically dictated by several basic factors. 
Deposit depth, size, and topography are of primary impor- 
tance. The geologic nature of the deposit and accompany- 
ing overburden both play key roles. Types of equipment ob- 
tainable locally, sources of power, and the availability of 
water are all important factors. In some cases, operators 
may simply feel more confident using one method of extrac- 
tion as opposed to another, even if local conditions are 
unfavorable. 

In any event, the mining method should be designed 
with one fundamental goal in mind: To extract pay gravel 
from the deposit and move it to the mill at the lowest possi- 
ble overall cost. Several basic concepts should be designed 
into the mining method to keep costs low. These include 

1. Haul only pay gravel to the mill. Eliminate hauling 
and processing unprofitable material. 

2. Handle both overburden and pay gravel as few times 
as possible. Do not pile overburden or tails on ground that 
is scheduled for excavation. 

3. Locate the mill at a site that minimizes average pay 
gravel haul distance. In most instances, it is cheaper to 
pump water than to haul gravel. 

4. Do not mine gravel that is not profitable even if it con- 
tains gold. Money is lost for every yard of gravel mined if 
that gravel does not contain enough value to pay for the 
cost of mining and processing. 

As can be seen, common sense plays a large role in the 
proper design of a placer mine. The same holds true for mine 


equipment selection. Countless combinations of equipment 
have been tried in attempts to effectively mine placer 
deposits. Equipment typically used in the western United 
States includes 

Backhoes (hydraulic excavators). 

Bulldozers. 

Draglines. 

Dredges. 

. Front-end loaders. 

Rear-dump trucks. 

. Scrapers. 

Each type of equipment is suited to a particular task. 
In some instances, only one piece of equipment may be 
used to remove overburden, excavate and haul pay gravel, 
and place mill tailings and oversize (i.e., bulldozers). More 
often, several different types of equipment are utilized to 
take advantage of their specific attributes. . 

When selecting placer mining equipment, the evaluator 
must consider two important concepts. First, the volume 
of earth in place is less than the volume of the same earth 
after excavation. This point is critical in cost estimation and 
must be remembered. Because placer gravel is relatively 
light, placer mining equipment is typically limited by 
volume capacity, not weight capacity. For this reason, mine 
equipment capacities and associated cost equations in this 
report are based on volume after accounting for material 
swell—in loose cubic yards. Resource estimates are typically 
stated in bank cubic yards—the volume before accounting 
for material swell. This has a significant meaning to the 
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_ design of a placer mining system. To mine a 500,000-BCY 


deposit, equipment will have to move 570,000 LCY of gravel 
if the material swells 14% (typical for gravel deposits). 
Although the total weight of material moved is constant, 
equipment will have to move a larger volume of gravel than 
the in-place estimate indicates. As a result, the mining 
system should be designed around the total loose cubic yards 
of gravel to be moved, not the total bank cubic yards. 

Second, mine equipment equations in section 2 of this 
report aré based on the maximum amount of overburden, 
pay gravel, and mill tails moved daily. Although average 
volume handled might be less, equipment must be selected 
to handle the maximum load. 

To aid in mine planning, and to obtain reasonable 
capital and operating mine costs, the following information 
will typically be required: 


1. Total length and average width of haul and access 
roads. 

2. Total surface area of deposit. 

3. Nature of ground cover. 

4. Topography of deposit area. 

5. Total loose cubic yards of overburden, and maximum 
amount of overburden handled daily. 

6. Total loose cubic yards of pay gravel, and maximum 
amount of pay gravel handled daily. 

7. Total cubic yards of mill tails handled daily. 

8. Type of equipment desired. 

9. Average haul distances and gradients for overburden, 
pay gravel, and tailings. 


The following is a discussion of the principal types of 
equipment used in excavating and hauling overburden, 
placer gravel, and mill oversize and tails, and may be used 
to aid in mine design and equipment selection. 


BACKHOES (HYDRAULIC EXCAVATORS) 


The backhoe is one of the most efficient types of equip- 
ment for bedrock cleanup. It is most often used for the ex- 
traction of pay gravel, but can also be used for excavation 
of overburden. The machine has almost no capacity for 
transportation of material and for that reason is used in 
conjunction with either front-end loaders, trucks, or in some 
cases, bulldozers. Depending on bucket selection, the 
machine can handle a variety of ground conditions including 
clays, poorly sorted gravels, tree roots, and vegetation. Dig- 
ging depths of over 30 ft are obtainable with certain 
backhoes, but production capability decreases rapidly as 
maximum digging depth is approached. 

Backhoes typically used in the western United States 
are capable of excavating from 95 to 475 LCY/h. Sizes range 
from 105-hp machines with 0.5-yd? buckets to 325-hp units 
with 3.75-yd* buckets. Capacity is contingent upon digging 
difficulty, operator ability, swing angle, digging depth, and 
obstructions. 

The backhoe is ideal for situations where bedrock 
cleanup is critical, obstructions exist in the mining area, 
and other means of transporting gravel are available. 


BULLDOZERS 


The bulldozer represents an extremely versatile tool in 
placer deposit extraction, and is the most popular. It can 
be used for overburden removal, pay gravel excavation, 


bedrock cleanup, overburden and pay gravel transportation, 
road construction, tailings placement, and a variety of 
minor functions. The bulldozer is the only device capable 
of handling all tasks required for placer mining in a prac- 
tical manner and must be considered if capital is scarce. 

Although bulldozers can handle all placer mining func- 
tions, they are not necessarily the most efficient machine 
for any one task. With its ripping capacity, the bulldozer 
is capable of cleaning up bedrock; however, the backhoe is 
much more selective and efficient. The bulldozer can, and 
often is, used to transport gravel, but in most cases trucks, 
scrapers, and front-end loaders can each do the job cheaper 
if haul distances are more than a few hundred feet. In ad- 
dition, bulldozers are not well suited to more large volumes 
of gravel or to dig to excessive depths. In both instances, 
draglines exhibit superior performance. 

A major advantage of the bulldozer is its ability to ex- 
cavate, transport, and load the mill all in one cycle, 
eliminating the need for expensive rehandling. Dozer 
capacities for excavating and hauling range from 19 LCY/h 
for a 65-hp machine up to 497.5 LCY/h for a 700-hp dozer 
(based on a 300-ft haul distance). Capacity is dependent 
upon ripping requirements, operator ability, cutting 
distance, haul distance, digging difficulty, and haul 
gradient. 

Dozers are best suited for situations where deposit and 
overburden thicknesses are not excessive, few large obstruc- 
tions are present, and haul distances average less than 
500 ft. 


DRAGLINES 


Draglines are well suited for excavating large quantities 
of overburden, gravel, and waste. Although their material 
transporting ability is limited, draglines with booms up to 
70 ft long are capable of acting as the sole piece of mining 
equipment. As with the bulldozer, draglines can excavate 
overburden and pay gravel, load the mill, and remove tail- 
ings; however, draglines are relatively inefficient at bedrock 
cleanup, and do not handle difficult digging as well as 
backhoes or dozers. 

Depths of over 200 ft are obtainable with this type of 
machine, and when used in conjunction with front-end 
loaders or rear-dump trucks, large-capacity operations are 
possible. Draglines handle from 28 LCY/h for a 84-hp unit 
to 264 LCY/h for a 540-hp machine. Capacity is dependent 
upon bucket efficiency, swing angle, and operator ability. 

Draglines are ideal for overburden removal and for 
large, deep deposits where bedrock cleanup is not critical. 
They must, however, be matched with the right equipment 
(i.e., portable mills or gravel transportation machinery). 


DREDGES 


Cost estimation equations for dredging are not in- 
cluded in this report. Dredges, except for recreational units 
and small machines used in active channels, are designed 
for high-capacity excavation of specific placer environments. 
The machines are best utilized in large volume, relatively 
flat-lying deposits that occur below water level. Because of 
large capital investment requirements and a scarcity of 
ground suitable for large-scale dredging, they are uncom- 
mon in the western United States. 


Operating costs for large-capacity dredges average ap- 
proximately $0.70/yd°. Purchase and refurbishing costs are 
often more than $3 million, and can run over $10 million. 
In large-volume situations, dredges must be considered. 
Because suitable applications are rare, however, they have 
not been included in this report. 


FRONT-END LOADERS 


This versatile machine is capable of many functions. In 
the western United States, its primary use is hauling 
previously excavated gravels, and the subsequent loading 
of the mill. Although front-end loaders are not the most ef- 
ficient hauling unit, their self-loading ability provides many 
advantages. One is the elimination of the need to match 
the excavation machine with the haul unit. With a front- 
end loader, the excavator can operate at its own pace and 
simply stockpile material. The loader then feeds from the 
stockpile and transports gravel to the mill feed hopper. This 
removes the problem of matching excavator output with 
truck cycles or mill feed rates. 

The machine is also capable of removing and transport- 
ing mill oversize and tailings; however, front-end loaders 
are not particularly adept at excavating consolidated 
material. If overburden or gravel are at all compacted, a 
backhoe or bulldozer should be used for a primary 
excavation. 

Front-end loaders are capable of hauling from 24 LCYh 
for a 65-hp, 1-yd° machine to 348 LCY/h for a 690-hp, 12-yd? 
machine (based on a 500-ft haul distance). Capacity varies 
with haul length, haul gradient, operator ability, bucket 
efficiency, and type of loader. 

Front-end loaders are best utilized as haul units over 
distances of less than 1,000 ft. Their versatility makes them 
useful for pay gravel and overburden transportation, mill 
oversize and tailings removal, and general site cleanup. 


REAR-DUMP TRUCKS 


Trucks represent the least expensive method of material 
movement over long distances; however, since other 
machinery is required for loading, total gravel transporta- 
tion expenses over short distances may be higher than for 
front-end loaders or scrapers. Trucks generally serve two 


purposes: Material movement and mill feed. They have 
relatively low capital costs and require little maintenance 
compared to other placer equipment. Trucks do need fairly 
good road surfaces and require careful matching with 
loading equipment to achieve acceptable efficiency. 

Capacities for units at small placer operations range 
from 3 to 47.5 yd*. Trucks are most productive over haul 
distances of 1,000 to 10,000 ft and can travel faster than 
equivalent-sized scrapers or front-end loaders. Production 
capacities range from 32.3 LCY/h for a 3-yd? truck to 444.8 
LCY/h for a 47.5-yd* truck (based on a 2,500-ft haul 
distance). Capacity is contingent upon loader capacity, haul 
distance, and haul gradient. 

Trucks are suited to operations where a fixed mill is 
situated more than 0.5 mile from the minesite. They are 
equally effective hauling pay gravel, overburden, or mill 
tailings and oversize, but must be accompanied by a method 
of material loading. 


SCRAPERS 


These machines are noted for their high productivity 
when used to transport overburden, pay gravel, and tail- 
ings. As with front-end loaders, scrapers are self-loading, 
although bulldozers or other scrapers often assist. They are 
capable of much higher speeds and greater capacity than 
front-end loaders, and exhibit haulage characteristics 
similar to rear-dump trucks. Scrapers, however, are more 
costly to purchase and maintain. 

Scrapers are limited in their ability to excavate con- 
solidated or unsorted material. A bulldozer equipped with 
a ripper must precede them in overburden or gravel that 
is not easily drifted. If boulders are present, they must either 
be blasted or removed by other means. The nature of the 
scraper-dumping mechanism renders them unsuitable for 
direct mill feed. When used to haul pay gravel, scrapers will 
typically unload near the mill, and bulldozers will then be 
used to feed material. 

Capacities range from 201 LCY/h for a 330-hp machine 
to 420 LCY/h for a 550-hp machine (based on a 1,000-ft haul 
distance). Capacity is contingent upon haul distance and 
gradient, and loading procedure. 

In placer mining, scrapers are best utilized for transpor- 
tation of unconsolidated overburden or mill tailings over 
distances ranging from 500 to 5,000 ft. 


PROCESSING 


Often the most difficult part of placer mining is achiev- 
ing the desired recovery of valuable minerals from mine- 
run gravel. The design of a successful mill is a specialized 
science and often proves difficult even for those actively in- 
volved in placer mining. Great care must be taken to en- 
sure the recovery of a high percentage of contained valuable 
minerals. Obviously, the profitability of an operation is 
directly related to the percentage of contained valuable 
minerals recovered by the mill. 

Although mill design can be difficult, the basic premise 
used in heavy mineral recovery is quite logical. In placer 
deposits, high-density minerals have been concentrated by 


combinations of natural phenomenon such as gravity, tur- 
bulent fluid flow, and differences in mineral density. Con- 
sequently, it would seem practical to utilize these conditions 
to further concentrate heavy minerals. This form of mineral 
recovery is referred to as gravity separation and is the basis 
for most placer mills. 

Gravity processes must consider both particle specific 
gravity and size for effective separation. Differences in 
specific gravity alone will not distinguish various materials. 
It is the differences in weights in a common medium that 
creates efficient separation. Consequently, a particle of high 
specific gravity and small size may react the same as a large 


particle with low specific gravity in a given fluid. If grav- 
ity separation is to be effective, size control must be im- 
plemented to take advantage of differences in particle 
specific gravity. 

Equipment used for gravity separation ranges from gold 
pans to prebuilt self-contained placer plants. In general, the 
most widely employed devices in the western United States 
are 
. Jig concentrators. 

. Sluices. 

. Spiral concentrators. 
. Table concentrators. 
. Trommels. 

. Vibrating screens. 

Of these devices, trommels and vibrating screens are 
used for particle size classification, and the remainder are 
forms of gravity concentrators. In addition, feed hoppers and 
conveyors are needed for surge capacity and material 
transportation. These items, which are commonly neglected 
in plant costing, must be carefully selected to ensure prop- 
er plant operation. 

Although the complete design of a placer recovery plant 
cannot be thoroughly covered in the space available here, 
three sample flowsheets illustrating basic placer mill design 
are included at the end of this section on processing. Along 
with a flow sheet detailing equipment type, size, and capa- 
city required for the mill, the following will be needed to 
obtain an accurate cost estimate using this report: 
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1. Maximum feed capacity of the mill. 

2. A material balance illustrating feed, concentrate, and 
tailings rates. 

3. The purpose of each gravity separation device (rougher, 
cleaner, scavenger, etc.). 

4. Method of removal and transportation of mill tails and 
oversize. 


The following discussion details equipment used in 
gravity separation and may prove useful in mill design. 


CONVEYORS 


As material travels through a mill circuit, it can be 
moved by conveyor, pumped in a slurry, or transferred by 
gravity. In placer processing mills, material is most often 
transported in a slurry or by gravity. In some cases, 
however, conveyors are necessary. Conveyors are typically 
used for situations of extended transport where material 
need not be kept in a slurry, such as the removal of over- 
size or tailings. They provide an inexpensive method of 
transporting large quantities of material over fixed 
distances. In the case of placer processing plants, this 
distance typically ranges between 10 and 120 ft. Conveyors 
used in these plants are typically portable, and consequently 
come complete with framework and support system ready 
to operate. 

Conveyor capacity is related to belt width, belt speed, 
and material density. For most placer gravels, capacities 
range between 96 yd*/h for an 18-in-wide belt to 480 yd*/h 
for a 36-in-wide belt. 


FEED HOPPERS 


The initial piece of equipment in most mill circuits is 
a feed hopper. The hopper is used in conjunction with a 


feeder to smooth out material flow surges introduced by 
loading devices with fixed bucket sizes (front-end loaders, 
rear-dump trucks, etc.). Hoppers often contain a grizzly in 
order to reject large oversize material. The feeder, typically 
a vibrating tray located under the hopper, transfers gravel 
at an even rate to the circuit. Although the hopper-feeder 
combination may appear to be a minor piece of equipment, 
a steady flow of material through the mill is very impor- 
tant for effective gravity separation. 

Hopper capacity and feeder capacity are two separate 
items. Generally, hoppers are designed to hold enough 
material to provide a steady flow of gravel despite surges 
inherent in mining cycles. Feeders are set to provide the 
appropriate flow rate to the mill. So even though a hopper 
may have a 100-yd? capacity, the feeder might provide 
material at 20 yd*/h. 

Feeders are not always used in placer mills. When they 
are not used, feed rate is regulated by the size of the open- 
ing in the bottom of the hopper. The cost estimation curves 
in this report calculate hopper-feeder costs based on feeder 
capacity, which typically equals mill capacity. Factors are 
provided for situations where feeders are not used. 


JIG CONCENTRATORS 


Jigs are gravity separation devices that use hindered 
settling to extract heavy minerals from feed material. They 
typically consist of shallow, perforated trays through which 
water pulsates in a vertical motion. In most instances, a 
bed made up of sized shot, steel punchings, or other 
“ragging” material is placed over the perforations to pro- 
mote directional currents required for separation. Slurried 
feed flowing over the bed is subjected to the vertical pulsa- 
tions of water, which tend to keep lighter particles in 
suspension while drawing down heavier constituents. These 
heavy minerals are either drawn through the bed and 
discharged from spigots under the jig or, if too large to pass 
through the perforations, are drawn off near the end of the 
machine. Lighter particles continue across and over the end 
of the jig as tailings. 

Jigs are sensitive to feed sizing. They are generally 
utilized for feeds ranging from 75 ym to a maximum of 1 
in, but recoveries improve if feed is well sized and kept to 
minus 0.25 in. Efficiency is maximized when feed materials 
have been deslimed and sized into a number of separate frac- 
tions for individual treatment. Optimum solids content for 
jig plant feed ranges from 35% to 50%—the object being to 
avoid excessive dilation of the material. Capacities for jigs 
range from 0.1 to 400 yd*/h and are dependent upon desired 
product as well as equipment size. 


SLUICES 


The most common gravity separation device used in 
placer mills, sluices are simple to construct, yet effective 
heavy mineral recovery tools. Sluice design is quite diverse 
and opinions differ widely with respect to capacity, riffle 
design, and recovery. In general, capacities and perfor- 
mances vary with box width and slope, gold particle size, 
nature of feed, and availability of water. 

Sluices are primarily used for rough concentration and 
are capable of processing poorly sorted feeds. As with other 
methods, however, recovery is related to the degree of 
previous sizing. 
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Sluice design can be quite complex but usually is a mat- 
ter of trial and error. Several basic principles typically 
apply. Width is determined by the maximum and minimum 
volume of water available, the size and quantity of over- 
size feed that must be transported, and the slope. Length 
depends principally on the character of the gold. Coarse gold 
and granular gold settle quickly and are easily held in the 
riffles, while fine gold and porous gold may be carried some 
distance by the current. Velocity of the water is controlled 
primarily by the slope. In general, the sluice should be con- 
structed and installed so that water flowing through the 
box will transport oversized material and prevent sand from 
packing the riffles. 

If the surface of the water flowing through the sluice 
is smooth, the bottom of the sluice is probably packed with 
sand, allowing little gold to be saved. The desired condi- 
tion occurs when waves form on the surface of the water 
flowing through the sluice, and these waves, along with the 
wave-forming ridges of material on the bottom of the sluice, 
migrate upstream. This indicates an eddying or boiling ac- 
tivity on the lee side of the ridges, which maximizes gold 
recovery and tailings transport. Consequently, the sluice 
attains maximum efficiency when riffle overloading is 
incipient. 

Sluices are generally considered to be high-capacity 
units, with a 12-in-wide sluice box capable of handling 15 
yd*/h if sufficient water is available. A 24-in-wide sluice can 
handle up to 40 yd*/h, and 48-in-wide sluices have reportedly 
processed up to 200 yd*/h. Of course, a sluice will handle 
as much gravel as the operator wants to push through it. 
However, to ensure reasonable recovery, capacity is limited 
by box width and slope, water availability, and feed 
characteristics. 

Feed slurry densities are highly variable and range from 
1% to 35% solids by weight, averaging 10%. Water use can 
be reduced significantly if the larger of the oversize is 
eliminated from the feed. Sluices require no power to 
operate unless a pump is needed to transport water or 
slurry. One disadvantage of the sluice is the necessity to 
halt operations in order to recover concentrates. 


SPIRAL CONCENTRATORS 


Spirals are used infrequently in the western United 
States but may be applicable for certain types of feed. These 
gravity separation devices exhibit several desirable 
features. They accept sized slurry directly, and require no 
energy to operate other than perhaps pumps for material 
feed. Pumps can be excluded if gravity feed is used. Selec- 
tivity is high because of adjustable splitters within the 
slurry flow. Spirals can be used to produce a bulk concen- 
trate, scavenge valuable minerals from tailings, or in some 
instances, recover a finished concentrate. The ability to pro- 
duce a finished concentrate will be limited to feeds that con- 
tain a higher concentration of desired product than typically 
found in most gold placer feeds. 

To save space, two or three spiral starts are constructed 
around a common vertical pipe. This arrangement takes lit- 
tle floor space, allowing banks of multiple units to be set 
up for large-capacity requirements. In this situation, slurry 
distributors are required to sectionalize feed for individual 
spirals. 

Maximum feed rates vary according to feed particle den- 
sity, size, and shape. Rates generally range from 1.0 to 1.4 


yd*/h roughing down to 0.3 to 0.5 yd*/h cleaning per start. 
Feed slurry density is typically less than 25% solids by 
weight, necessitating the use of larger pumps than needed 
for jigs or tables. 


TABLE CONCENTRATORS 


Concentrating tables (shaking tables) are one of the 
oldest methods of mechanical gravity concentration. 
Although capable of handling a variety of feed types and 
sizes, their optimum use is wet gravity cleaning of fine con- 
centrates ranging from 15 um to 1/8 in. The unit consists 
of a large, flat, smooth table, slightly tilted, with riffles at- 
tached to the surface. A longitudinal reciprocating motion 
is introduced to the deck by means of a vibrating mechanism 
or an eccentric head action. 

Although limited in capacity, tables have the advantage 
of being easily adjustable by regulating the quantity of wash 
water and altering the tilt angle of the deck. The results 
of these changes are immediately observable on the table. 
With the addition of splitters, efficient control of high-grade 
concentrate recovery, middling recovery, and tailings pro- 
duction is possible. 

Solids content for table feeds averages approximately 
25% by weight. Stroke length and speed are adjusted ac- 
cording to feed. Long strokes at slow speeds are used for 
coarse feeds; fine material responds better to short strokes 
at higher speeds. A reciprocating speed of 280 to 380 
strokes/min will handle most feeds. Table capacities range 
from 0.05 to 8 yd*/h and depend on desired product as well 
as equipment size. 


TROMMELS 


This machine is the most common size classification 
device used in gold placer mills and is well suited for this 
task if properly designed. Trommels consist of a long 
rotating cylinder that is typically divided into two sections. 

In the first section, lengths of angle iron or similar 
material are fastened to the inside of the rotating drum. 
These act as lifters to carry feed up the side of the rotating 
cylinder. As material reaches the top of the rotation, it falls 
back to the bottom of the cylinder and breaks upon impact. 
This action, along with water introduced under pressure, 
serves to break up compacted soils and clays, and liberate 
valuable minerals. 

The second section consists of perforations in the 
cylinder walls positioned along the length of the drum. 
Typically, perforation size will graduate from 1/8 in, to 3/16 
in, to 1/4 in as the feed progresses down the trommel. 

Sized fractions are drawn directly below the section of 
the trommel in which they are separated. They generally 
flow to either a vibrating screen to be sized further or to 
a gravity separation device. Oversize materia! is discharged 
out the end of the trommel as waste. 

Trommels are particularly well adapted to placer feeds 
because of their ability to handle a diversity of feed sizes 
and to break up material in the scrubber section. Capacity 
ranges from 10 to 500 yd*/h and is dependent on feed 
characteristics, screen perforation sizes, and machine size. 
Water requirements are contingent upon the amount of 
washing desired. 
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VIBRATING SCREENS 


Vibrating screens are often used for secondary size 
classification in circuits treating alluvial ores and, in some 
cases, may provide primary sizing. The machines consist 
of a deck, or decks, containing inclined screening surfaces 
that are vibrated in either a rectilinear or elliptical motion. 
Screening medium can be woven wire cloth, parallel bars, 
or punched sheet metal. 

High capacity, ease of installation, and reasonable 
operating costs have all contributed to the popularity of 
vibrating screens. The practical minimum size limitation 
for production screens is about 100 mesh, although 
325-mesh separations have been achieved. Capacity is, of 
course, dependent on many factors. These include type of 
material, amount of oversize, amount of undersize, moisture 
content, particle shape, screen opening size, and screen 
medium. In general, from 0.40 to 0.75 ft? of screen surface 
area will be needed for every cubic yard of feed handled per 
hour. 


SAMPLE MILL DESIGN 


It is not possible to provide complete instruction on mill 
design within the constraints of this manual. Mills must 
be planned with the intention of treating the size, shape, 
and grade characteristics of a specific feed. Sample gold mill 
flowsheets shown in figures 1, 2, and 3 are included to aid 
the evaluator in cost estimation only. They are provided 
to demonstrate that, in most instances, material will have 
to be fed, washed, sized, and separated for proper recovery. 

Tables 1, 2, and 3 provide sample material balances for 
these mills. 





10-st capacity 
rear-dump truck 


Table 1.—Sample material balance, sluice mill 
(Specific gravity: Gold, 17.50; waste, 2.81) 


Feed Concentrate Tails 
Raw rer is coe: yd/d.. 120 0.1 119.9 
Composition......... wt %.. 100 0.08 99.92 
Specific gravity............. 2.81 2.82 2.81 
LD Te oz Au/yd? 0.040 42.24 0.005 

Gold distribution 
02/6239 25. ee ae ee 48 4.224 0.576 
a2 S. Seake pat. eae 100 88 12 





Table 2.—Sampie material balance, jig mill 
(Specific gravity: Gold, 17.50; waste, 2.65) 








Rates: 225 seek. 260) yd. . 700 0.1 699.9 
Composition......... wit %.. 100 0.01 99.99 
Specific gravity............. 2.65 2.71 2.65 
Grade ........ tr oz Ausyd?. . 0.030 199.50 0.002 
Gold distri 
ha eee rere tn & 21.0 19.95 1.05 
Breas ee Sods Be 100 95 5 





Table 3.—Sample material balance, table mill 


(Specific gravity: Gold, 17.50; waste, 2.73) 
Feed Concentrate Tails 








Rate iii, Bere ae. yd/d. . 250 0.2 249.8 

. BY AG wt %.. 100 0.08 99.92 

<aras sg. B- Mee 2.73 2.75 2.73 

Grade. 28 pe: tr oz Au/yd? 0.045 44 0.002 
Gold distri 

troz/dj. atery fete sere 11.25 10.688 0.562 

Le. Sete ee 100 95 5 
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Settling pond 


Recycled water 


Figure 1.—Sample flow sheet, sluice mill. 
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Figure 2.—Sample flow sheet, jig mill. 
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Figure 3.—Sample flow sheet, table mill. 
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SUPPLEMENTAL SYSTEMS 


Commonly neglected in costing and design work, sup- 
plemental systems gain importance in placer operations. 
Because of the relative low cost of placer mining and mill- 
ing equipment and systems, the expenses associated with 
supplemental items represent a larger percentage of the 
total cost than with other types of mining. For costing pur- 
poses, any system, structure, or equipment not directly 
related to production but necessary for continued operation 
is categorized as supplemental. These include 
. Buildings. 

. Camp facilities. 
. General services and lost time. 
. Generators. 
. Pumps. 
. Settling ponds. 
Each item included in the supplemental section should 
be examined to determine if it is needed at a particular 
operation. To aid in this determination and to assist in cost 
estimation of supplemental items, the following informa- 
tion will prove helpful: 

1. Location and elevation of available water in reference 
to the millsite. 

2. Ecological sensitivity of the area. 

3. An estimate of the number and capacity of pumps 
needed. 

4. Maximum hourly capacity of mill. 

5. Building requirements. 

6. An estimate of workforce size. 


Ook OD 


BUILDINGS 


Many placer operators consider any building to be a lux- 
ury; however, if weather is a factor or if operators desire 
to safely store equipment, some buildings will be needed. 
Typically, a small placer mine will have one structure that 
serves as a shop, a concentrate cleanup area, and a storage 
room. More elaborate operations, or those in areas of bad 
weather, will cover the mill and often construct several 
smal] storage sheds. These buildings are usually temporary 
structures of minimal dimensions constructed of wood or 
metal. 

The size of each building must be estimated for costing 
purposes. For the typical operation, the main structure will 
be capable of housing the largest piece of mobile equipment 
at the mine with enough additional room for maintenance 
work. Shops often have concrete floors, and power and water 
facilities are typically provided. Storage sheds are usually 
of minimum quality, have a wood floor if any at all, and 
often contain power for lighting. Factors for all these 
variables are provided in the building cost estimation curve. 


CAMP FACILITIES 


The provision of facilities for workers is an important 
part of placer operations. In most situations, workers will 
stay at the site during the mining season to take advan- 
tage of good weather. The needs of these workers must be 
met, and that typically involves providing living quarters 
and food. In almost all cases, employee housing at placer 
mines consists of mobile homes or trailers with a minimum 
amount of support equipment. Cooking is generally done 


by the workers in their trailers with an allowance provided 
for the cost of food. 

To calculate the expense of camp facilities, it is 
necessary to estimate the number of people staying at the 
mine. Guidelines for this estimate are provided with the 
cost equations in section 2 of this report. It must be 
remembered that the number of people working at any one 
operation can be quite variable, and if the number of in- 
tended or actual employees is available, this figure must 
be used. 


GENERAL SERVICES AND LOST TIME 


Compared with other methods of mineral recovery, 
placer mining is relatively inefficient. Because of limits in 
workforce size, delays and tasks not directly related to min- 
ing have a noticeable effect on productivity. This 
inefficiency strongly influences costs associated with placer 
mining, and must be taken into account. 

In placer mining, most costs associated with inefficiency 
can be attributed to three distinct areas: 

1. Equipment downtime. 
2. Site maintenance. 
3. Concentrate refinement. 
Specific expenses can be further delineated. 
1. Equipment downtime. 
A. Productivity lost by the entire crew because of 
breakdown of key pieces of equipment. 
B. Productivity lost by individual operators because 
of breakdown of single pieces of equipment. 
C. Labor charges of outside maintenance personnel. 
2. Site maintenance. 
Road maintenance. 
Stream diversion. 
Drainage ditch construction and maintenance. 
Site cleanup. 
Reclamation grading and recontouring. 
Settling pond maintenance. 
Mill relocation. 
3. Concentrate refinement. 
A. Concentrate panning. 
B. Mechanical separation. 
C. Amalgamation. 

Estimates indicate that in placer mining up to 37% of 
the total labor effort is spent on the above tasks. The lost 
time and general services cost curve must be used in all 
placer mine cost estimates. 


OAM O OW > 


GENERATORS 


In all but the most simple gravity separation mills, 
power will be needed to operate equipment. A minor amount 
of power will also be required for camp functions. Typically, 
power is provided by one of three sources: 

1. Individual diesel engines driving each piece of 
equipment. 

2. Diesel generators. 

3. Electrical power brought in through transmission 
lines. 

The third source generally requires excessive initial 
capital expenditures. Transmission lines are considered only 
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when the mill capacity is well over 200 yd*/h, existing 
transmission lines are located near the site, or the mine 
life is expected to be 15 yr or more. Power source selection 
should be based on lowest overall cost and minimum en- 
vironmental impact. For most small- to medium-sized 
gravity separation mills in remote locations, diesel 
generators are selected to provide power. 

Cost estimation curves in this report are based on diesel 
generators providing all power to mill equipment. Electric 
power costs contained in individual processing equipment 
operating cost curves account for diesel generator operating 
costs. 


PUMPS 


Water, used to wash gravel and to initiate slurrying of 
the feed, is typically introduced as gravel enters the trom- 
mel or screen. More water is added as needed throughout 
the circuit to dilute the slurry or assist in washing. To pro- 
vide adequate washing, this water must be introduced 
under pressure which, in many cases, necessitates the use 
of pumps. Pumps will also be needed if mill water is to be 
recycled through settling ponds. Under certain cir- 
cumstances, one pump can handle all tasks required in a 
placer processing plant utilizing recycled water. It is 
preferable to minimize the use of pumps by taking advan- 
tage of gravity. 

Water use is dependent on several factors, including 

1. Washing required to properly slurry feed. 

2. Type of separation equipment used. 

3. Availability of water. 

4. Size and nature of valuable mineral constituents. 

For costing purposes, the evaluator must estimate the 
volume of water pumped per minute and the pumping head. 


6 
A separate estimate must be made for each pump. Water 


requirements can either be calculated using parameters 
given in the processing portion of section 1, or roughly 
estimated using the following equation: 


Water consumption (gpm) = 94.08%X)"**, 


where X = maximum cubic yards of mill feed handled per 
hour. 


This equation provides the total gallons of water per 
minute consumed by the mill. Although not technically ac- 
curate, for the purposes of this report, head may be 
estimated as the elevation difference between the pipe 
outlet at the mill or upper settling pond, and the pump 
intake. 


SETTLING PONDS 


With the current level of environmental awareness, it 
is almost assured that mill water will have to be treated 
prior to discharge. Placer mines typically recycle mill ef- 
fluent through one or more settling ponds to control en- 
vironmental impact. 

To calculate the cost of settling pond construction using 
this report, only the maximum mill feed rate is required. 
Cost curves provide the construction expense of unlined 
ponds sized to comply with most regulations. In some in- 
stances, the pond will have to be lined with an impervious 
material. This is often required in ecologically sensitive 
areas, or in situations where underlying soils do not 
properly filter mill effluent, thereby increasing the turbidity 
of nearby streams. A factor is provided in the settling pond 
cost curve for impervious linings. 


ENVIRONMENT 


Enviromental costs are often decisive in placer mine 
economic feasibility. Costs associated with water quality 
control and aesthetics are inescapable and can represent 
a significant percentage of total mining expenses. Methods 
to minimize ecological disturbance are now considered an 
integral function of the mining sequence and are treated 
as such in cost estimation. 

Stream siltation from mill effluent and land disturbance 
from excavation are the main environmental problems fac- 
ing placer miners. Reduction of water quality is often the 
biggest problem, and many techniques have been devised 
to lessen the impact caused by mill operation. One methcd 
involves limiting mill operation to short periods of time, 
thus allowing effluent to disperse before additional mill 
discharge is introduced. Often the mill is designed with the 
intent of using as little water as possible for valuable 
mineral separation. The most common solution is mill water 
recirculation facilitated by the construction of settling 
ponds. These ponds are used to hold mill effluent until par- 
ticulate matter has settled; water from the ponds is then 
reused in the mill circuit. 

Mining of alluvial deposits necessitates disturbance of 
large areas of land. Typically all trees, brush, grasses, and 
ground cover will be cleared. This task alone may present 


a major stumbling block, because some States restrict open 
burning. Next, a layer of overburden is removed to expose 
the deposit. Finally, the valuable mineral-bearing gravel 
can be excavated. 

Current technology suggests that control of land dis- 
turbance be incorporated into the mining sequence. Mill 


tailings and oversize are typically dumped back into ° 


worked-out areas. Soil cover and overburden are removed 
just prior to pay gravel excavation, then hauled to mined- 
out areas to be graded and contoured over replaced tails. 
Often the surface is revegetated. In most instances, the 
operator will have no choice but to implement ecological 
control and reclamation procedures. Operators are typically 
required to post a bond to cover the cost of reclaiming mined 
lands, and if the surface is left disturbed, these bonds will 
be forfeited. 

Regulations vary from State to State, and may appear 
difficult and confusing at first; however, by contacting in- 
formation services at State capitals, operators will be 
directed to the agencies concerned. These agencies will 
detail regulations concerning placer operation and will also 
point out which Federal agencies might be involved (U.S. 
Forest Service or U.S. Bureau of Land Management). In 
most instances, contact will have to be made with both State 
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and Federal agencies. Typically, meeting environmental re- 
quirements for the State will satisfy Federal regulations. 

As stated earlier, environmental control is an integral 
part of mine and mill design, and costs are treated accord- 
ingly. Equations are provided for calculating the cost of mill 
tails and oversize placement. Expenses associated with 
grading and contouring are contained in the lost time and 
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general services curve. An equation is also provided for the 
construction of settling ponds, if water is to be recycled. 

Bond costs are not included since requirements are 
highly variable. One other cost may arise that is not covered 
in section 2. This is the expense of replanting, and usually 
ranges from $100 to $200 per acre. 


COST ESTIMATION 


After selecting exploration, mining, milling, and sup- 
plemental techniques, the next step in cost estimation is 
the choice of appropriate cost curves. If the evaluator has 
completed the mine design prior to attempting cost estima- 
tion, this task consists of simply going through section 2 
of this report and selecting the proper equations. The list 
of capital and operating categories at the beginning of sec- 
tion 2 will aid in choosing individual curves. 

Costs used in deriving the estimation equations were 
collected from several sources. These include 

1. Placer mine operators. 
2. Mine equipment suppliers. 
3. Published cost information services. 


In all cases, cost figures quoted in the text and points 
used in cost equation derivations are averages of all data 
available. A bibliography of cost information publications 
follows section 2. Many of these sources contain both cost 
and capacity information and can be used to supplement 
this manual. 

Cost estimation methodology in this handbook is based 
on the Bureau’s Cost Estimation System (CES), first 
published in 1977 as “Capital and Operating Cost Estima- 
tion System Handbook,” by STRAAM Engineers, Inc. Pro- 
cedures for cost estimation using this report closely follow 
that publication. The cost estimation portion of this report 
is divided into operating and capital costs. Cost equations 
are similar for both with the only difference appearing in 
the units of the final answer. Capital costs are given in total 
dollars expended and operating costs in dollars per year. 

Using the appropriate curves, a separate cost is 
calculated for each capital and operating cost item. Only 
costs directly associated with the operation under evalua- 
tion need be calculated. All other cost items should be ig- 
nored. After calculation, item costs should be entered on 
the respective capital and operating cost summary forms 
(see figures 5 and 6 in section 2). 

Upon summation of individual expenses, a contingency 
may be added to both capital and operating costs. It is dif- 
ficult to anticipate every condition that may arise at a par- 
ticular operation, and the purpose of the contingency is to 
account for unforeseen expenditures. This figure is typically 
based on the degree of certainty of the evaluation in rela- 
tion to available information, and ranges from 10% to 20%. 

Cost per cubic yard of pay gravel processed is deter- 
mined by dividing the sum of all annual operating costs by 
the total amount of pay gravel processed per year. Summa- 
tion of individual capital expenditures produces the total 
capital cost. 

Use of the individual curves is described in the follow- 
ing paragraphs. 


COST EQUATIONS 


Capital and operating costs are divided into labor, equip- 
ment, and supply categories. One, two, or all three of these 
categories will be present in each cost equation. The sum 
of costs from each of these categories provides the total cost 
for any single cost item. To facilitate cost adjustments 
respective to specific dates, the labor, equipment, and supply 
classifications are further broken down into subcategories. 

Typically, each cost item will have a number of site ad- 
justment factors. These are provided to account for 
characteristics specific to a particular deposit. These fac- 
tors determine the precision of the final cost, so they must 
be selected and used carefully. Assistance in determining 
the correct use of a factor, or in understanding the 
parameters involved in a cost item, may be found in the 
preceding pages. 

To further improve cost estimates, labor rates are also 
adjustable. Rates can vary greatly for small placer opera- 
tions. For this reason, adjustments can be made to the fixed 
rates used in this report for specific known rates at in- 
dividual operations. 


COST DATE ADJUSTMENTS 


All cost equations were calculated in January 1985 
dollars. Costs calculated for any particular cost item are 
broken down into specific categories and subcategories to 
facilitate adjustment to specific dates. These include 

Labor. 
1. Mine labor. 
2. Processing labor. 
3. Repair labor. 
Equipment. 
1. Equipment and equipment parts. 
2. Fuel and lubrication. 
3. Electricity. 
4. Tires. 
Supplies. 
1. Steel items. 
2. Explosives. 
3. Timber. 
4. Construction materials. 
5. Industrial materials. 


For placer mining. most general maintenance and non- 
overhaul repairs are accomplished by the equipment 
operator, so repair labor rates are assumed to be equal to 
those of the operator. If information available to the 
evaluator indicates that this is not the case, repair labor 
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portions of the total labor cost are stated to facilitate 
adjustment. 

Equipment operating costs are broken down into respec- 
tive percentages contributed by parts, fuel and lubrication, 
electricity, and tires. These percentages, listed immediately 
following the cost equations, are used to calculate specific 
costs for each subcategory so that they may be updated. 
Supply costs are broken down and handled in a similar 
manner. 

Cost date indexes for the preceding subcategories are 
provided in table 4. These and other cost indexes are up- 
dated every 6 months and are available from the Bureau 
of Mines, Western Field Operations Center, East 360 Third 
Avenue, Spokane, WA 99202. To adjust a cost to a specific 
date, divide the index for that date by the index for January 
1985, and multiply the resulting quotient by the cost 
calculated for the respective subcategory. An example of 
such an update follows. 


Example Cost Update 


Calculate the cost in July 1985 dollars of extracting and 
moving pay gravel 300 ft over level terrain using bulldozers. 
Assume a 200-LC Y/h operation, and use the operating cost 
equations provided in the operating costs—mining- 
bulldozers portion of section 2. 


Operating costs per LCY 
(from section 2): 





Equipment operating cost...... 0.993(200)°° = $0102 
Labor operating cost.......... 14.01(200)0-945 = 094 
January 1985 total......0 00 -196 
Subcategory costs per LCY 
(from section 2): 
Equipment parts ............. 0.47 x $0.102 = $0.048 
Fuel and lubrication........__. 0.53 x $0.102 = $0.054 
Operator labor ............... 0.86 x $0.094 = $0.081 
Repair labor................. 0.14 x $0.094 = $0.013 


Update indexes 
(from table 4): 


Subcategory July 85/Jan. 85 Quotient 





Equipment parts ..... Equipment... 362.3/360.4 1.005 
Fuel and lubrication .. Fuel ....__. 630.7/636.2 0.991 
Operator labor....... Mine labor .. $11.98/$11.69 1.025 
Repair labor......... Mine labor .. $11.98/$11.69 1.025 


Updated costs per LCY: 


Equipment parts........... 1.005 x $0.048 = $0.048 
Fuel and lubrication .....__. 0.991 x $0.054 = .054 
Operator labor..........._. 1.025 x $0.081 = .083 
Repair labor oh arr te mag 1.025 x $0.013 = 013 

July 1985 total cost per LCY............. .198 


SITE ADJUSTMENT FACTORS 


As stated earlier, adjustment factors determine the 
precision for cost estimates and must be used carefully. 
Several factors are provided for each curve, and their use 


will significantly alter the calculated cost. The following 
example illustrates factor use. 


Example Adjustment Factor Application 


Calculate the cost of extracting pay gravel in a hard dig- 
ging situation and moving it 800 ft up an 8% gradient us- 
ing bulldozers. Assume a 200-LCY/h operation (January 
1985 dollars), and use the operating cost and adjustment 
factor equations provided in the operating costs—mining- 
bulldozers portion of section 2. 


Operating costs per LCY 


(from section 2): 

Equipment operating cost... .... 0.993(200)°499 = ¢o 102 

Labor operating cost........... 14.01(200)°-45 = 094 
ebanuary, 1985, WA asi. $5ris cc sdeaasareee Ms ants .196 


Distance............... p = 0.00581(800)9°* = 2.447 

Gradient ............... c = 1.041e10.0158.0) - 4 474 

Digging difficulty ...........0.0................ 1.670 
Used equipment: 

Equipment............ U. =1 200)°°13 = 1.496 

Rie leca.tiue mek we: U, = 0.967(200)°°'5 = 1.947 


Factored cost per LCY: 
From total cost equation 
for bulldozers: 


[$0.102(1.126) + $0.094(1.047)] x 2.447 x 1.174 x 1.670 = 
January 1985 total cost perLCY ..............__ 


The 500% increase in operating cost, from $0.196 to 
$1.023 per loose cubic yard, demonstrates the dramatic ef. 
fect of using the proper factors. If a cost category contains 
a factor not applicable to the deposit in question, then 
simply leave that factor out of the total cost equation. 

The variables inserted in the factor equations are 
generally self-evident. An exception to this is the digging 
difficulty factor. Parameters for this factor are based on the 
following: 

1. Easy digging.—Unpacked earth, sand, and gravel. 

2. Medium digging —Packed earth, sand, and gravel, dry 
clay, and soil with less than 25% rock content. 

3. Medium to hard digging.—Hard packed soil, soil with 
up to 50% rock content, and gravel with cobbles. 

4. Hard digging —Soil with up to 75% rock content, gravel 
with boulders, and cemented gravels. 

It can be seen from these parameters that many deposits 
will fall into one of the last two categories. Digging difficulty 
has a dramatic effect on the cost of extraction, so these fac- 
tors must be chosen carefully. 

Bulldozer and backhoe curves both contain a digging 
difficulty factor. Other excavation equipment, such as 
draglines, scrapers, and front-end loaders, are generally 
suited for special digging conditions and are not used in 
harder ground. Consequently, no digging difficulty factor 
is provided for these. 
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Table 4.—Cost date indexes’ 








ee 


Se 








Equip- : 
Mining ment and Fuel Elec- Tires Bits Explo- Tim- Construc- Indus- 
labor? repair and tricity and sives ber tion ma- trial 
parts lubrication steel terial? material 
1960 . $2.61 85.8 95.5 100.1 113.1 97.1 94.5 92.1 ° 99 95.3 
1961... 2.64 87.3 97.2 100.7 109.9 97.2 97.0 87.4 97 94.8 
1962 .. 2.70 87.5 96.1 101.9 94.7 95.8 97.0 89.0 96 94.8 
1963 . 2.75 89.0 95.1 101.1 96.9 95.7 100.4 91.2 98 94.7 
1964 . 2.81 91.2 90.7 100.3 97.6 97.0 100.0 92.9 98 95.2 
1965 .. 2.92 93.6 92.8 100.3 98.8 97.9 99.6 94.0 97 96.4 
1966 . 3.05 96.5 97.4 99.8 101.3 98.7 98.1 100.1 99 98.5 
1967 . 3.19 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100 100.0 
1968 . 3.35 105.7 98.1 100.9 102.7 101.9 102.3 117.4 127 102.5 
1969 . 3.61 110.4 99.6 102.2 98.3 107.0 104.7 131.6 108 106.0 
1970 3.85 115.9 101.0 106.6 05.4 115.13 106.7 113.7 109 110.0 
1971 . 4.06 121.4 106.8 115.5 10.3 121.8 113.3 135.5 133 114.0 
1972 .. 4.41 125.7 108.9 123.9 111.3 128.4 115.2 159.4 151 117.9 
1973 .. 4.73 130.7 128.6 132.6 115.7 136.2 120.1 205.2 154 125.9 
1974 .. 5.21 152.3 223.4 172.3 141.6 178.6 150.0 207.1 167 183.8 
1975 5.90 185.2 257.5 209.7 155.4 200.9 178.0 192.5 186.3 171.5 
1976... 6.42 198.9 276.6 226.7 172.8 215.9 187.2 233.0 205.5 182.4 
1977 6.88 213.7 308.1 257.0 181.5 230.3 193.1 276.5 237.7 195.1 
1978 .. 7.67 232.8 321.0 279.5 192.0 253.5 208.7 322.1 247.7 209.4 
1979 8.50 256.2 444.8 305.3 219.6 283.5 225.6 354.3 269.28 236.5 
19804 . 8.70 275.4 582.4 334.8 236.9 297.3 237.1 336.3 280.86 260.3 
19805 . 9.08 290.9 693.3 376.0 250.4 300.4 254.4 327.3 289.05 275.6 
19814 .. 9.78 304.9 736.0 393.9 256.2 322.8 268.5 331.6 298.25 289.9 
19815 .. 10.07 324.0 818.4 429.9 269.6 338.7 292.8 330.1 312.11 306.0 
19824 . 10.58 337.0 802.9 454.0 271.6 343.1 293.2 310.6 324.74 311.7 
19825 . 10.91 346.1 T7771 471.5 272.6 337.4 294.8 319.2 330.56 313.0 
19834 . 11.10 348.6 727.1 482.6 285.4 333.2 300.4 324.2 342.01 314.0 
19835 . 11.31 352.7 694.9 492.2 56.6 341.3 302.8 3725 357.28 316.6 
19844 . 11.56 354.3 669.7 492.0 58.0 354.1 301.3 353.2 355.52 319.2 
19845 11.62 358.2 674.6 525.5 256.3 357.2 312.4 343.3 357.90 324.0 
1985° _. 11.69 360.4 636.2 524.9 262.0 357.4 313.4 343.2 358.32 323.2 
19855 __. 11.98 362.3 630.7 540.3 246.0 354.6 312.1 354.9 363.63 324.3 
1 Unless otherwise noted, based on U.S. Bureau of Labor Statistics (BLS) ‘Producer Price Indexes,”’ base year 1967 = 100. 


2 Based on BLS “Employment and Earnings: Average Hourly Earnings, 


5 July. 
6 January (base cost year for this report). 


LABOR RATES 


The cost of labor in placer mining is highly variable and 
cannot be precisely estimated in every case. For the pur- 
poses of this report, only two separate labor rates are used: 
$15.69/h for mining functions, and $15.60/h for milling. 
These rates apply to operation, maintenance, installation, 
and construction labor. The labor portions of each specific 
cost category are broken out and in this way can be adjusted 
to the estimator’s particular labor rate. To accomplish this, 
multiply the labor cost for each category by the ratio of 
desired labor rate to mining or milling labor rate ($15.69/h 
or $15.60/h). The following example illustrates this 
adjustment. 


Example Labor Rate Adjustment 


Calculate the cost of extracting and moving pay gravel 
300 ft over level terrain using bulldozers with an operator 
labor cost of $18.00/h. Assume a 200-LCY/h operation 
(January 1985 dollars), and use the operating cost equations 
provided in the operating costs—mining-bulldozers portion 
of section 2. 





Mining.” 
3 Based on Engineering and News Record ‘Market Trends: Building Cost.”’ 


Operating costs per LCY 
(from section 2): 


Equipment operating cost....... 0.993(200)°4% = $0.102 
Labor operating cost.........-- 14.01(200)°45 = .094 
January 1985 total........---- 5. er tee e ees .196 


Labor adjustment: 
Labor operating cost per 


POV ee eee ($18.00/$15.69) x $0.094 = .108 
Adjusted cost per LCY: 
Equipment operating cost .....------------+sesss 102 
Labor operating cost ......------.s sere errs .108 
January 1985 total cost per LCY ........-------- .210 


Labor rates are based on wage scales for the western 
United States (including Alaska) and include a 24% burden. 
This burden consists of 9.8% workers compensation in- 
surance, 7.0% Social Security tax, 3.7% State unemploy- 
ment insurance, and 3.5% Federal unemployment tax. If 
other costs such as health and retirement benefits are to 
be included, they must be added to an estimated labor rate. 

To familiarize the reader with the use of this cost 
estimating system, an example of a complete cost estimate 
is included in the appendix. 
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FINANCIAL ANALYSIS 


The purpose of this report is to provide an estimate of 
capital and operating costs for small placer mines. A distinc- 
tion must be made between a cost estimate and an economic 
feasibility analysis. Capital and operating costs are simply 
two separate variables in a complete economic analysis. To 
determine the economic feasibility of an operation, the 
evaluator must consider each of the following: 

. Recoverable value of commodity. 
Local, State, and Federal taxes. 
. Capital depreciation. 
. Depletion allowances. 
Desired return on investment. 
Costs and methods of project financing. 
Inflation. 
. Escalation. 

Environmental intangibles. 
Economic feasibility analysis is a subject in itself, and 
will not be covered here. The preceding list is included to 
emphasize the following: A prospect is not economically 
feasible simply because the apparent commodity value ex- 
ceeds the total capital and accrued operating costs calculated 
from this manual 

The costs associated with the preceding list are real and 
must be considered when determining the feasibility of a 
prospect. Any attempt to provide guidelines for determina- 
tion of feasibility based solely on estimates of capital and 
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operating costs would be highly misleading. There is no 
quick and easy way to account for the wide variety of situa- 
tions encountered in economic analysis. Each one of the 
preceding items must be examined individually to provide 
accurate economic feasibility estimates, and a complete 
cash-flow analysis is the only way to ensure that proper 
results are obtained. To accomplish this, all yearly income 
and expenses must be tabulated. Then the rate of return 
over time must be calculated from the resultant profits or 
losses. The evaluator must consider all factors influencing 
income and include all expenses as well as account for the 
value of money over time and choose an acceptable rate of 
return. 

In brief, the operator will have to receive adequate 
revenues from commodities recovered to 


. Cover all operating expenses. 

. Recover initial equipment expenditures. 
Provide for equipment replacement. 

. Cover all exploration and development costs. 
Pay taxes. 

Compensate for inflation and cost escalation. 
. Supply a reasonable profit. 


IMD Om Co DH 


Only when enough revenue is produced to cover all of 
the above can an operation be considered economically 
feasible. 
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SECTION 2.—COST ESTIMATION | 


CAPITAL AND OPERATING COST CATEGORIES 


Section: 2 contains equations for estimating capital and 
operating costs associated with placer mining. Equations 


are provided for the following items. 


Capital costs: 

Exploration: 
Panning 
Churn drilling 
Bucket drilling 
Trenching 
General 

reconnaissance 

_Camp costs 
Seismic surveying 
Rotary drilling 
Helicopter rental 

Development: 
Access roads 
Clearing 

Preproduction 
overburden removal: 
Bulldozers 
Draglines 
Front-end loaders 
Rear-dump trucks 
Scrapers 

Mine equipment: 
Backhoes 
Bulldozers 
Draglines 
Front-end loaders 
Rear-dump trucks 
Scrapers 


Processing equipment: 


Conveyors 

Feed hoppers 

Jig concentrators 

Sluices 

Spiral concentrators 

Table concentrators 

Trommels 

Vibrating screens 
Supplemental: 

Buildings 

Employee housing 

Generators 

Pumps 

Settling ponds 


Operating costs: 

Overburden removal: 
Bulldozers 
Draglines 
Front-end loaders 
Rear-dump trucks 
Scrapers 

Mining: 
Backhoes 
Bulldozers 
Draglines 
Front-end loaders 
Rear-dump trucks 
Scrapers 

Processing: 
Conveyors 
Feed hoppers 
Jig concentrators 
Sluices 
Spiral concentrators 
Table concentrators 

Tailings removal: 
Bulldozers 
Draglines 
Front-end loaders 
Rear-dump trucks 
Scrapers 

Trommels 

Vibrating screens 

Supplemental: 

Employee housing 

Generators 

Lost time and general 
services 

Pumps 


Included in this section are summary forms (figs. 4-6) 
that may be used to aid in total capital and operating cost 
calculations. A bibliography of cost information sources is 
provided at the end of this section. 

The appendix contains a complete sample cost estima- 
tion. This sample will familiarize the reader with cost 
estimation techniques used in this report. 
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EXPLORATION 


Two methods are presented for calculating exploration 
costs. Method 1 allows the evaluator to roughly estimate 
costs with a minimum of information. Method 2 requires 
a detailed exploration plan and provides the user with a 
much more precise cost. 

Method 1: If information concerning exploration of a 
deposit is not available, the following equation may be 
used to estimate an exploration capital cost. It must be em- 
phasized, however, that costs calculated from this equation 
can be very misleading, and it is recommended that a de- 
tailed exploration program be designed if possible and that 
costs be assigned using method 2. 

As stated in section 1, the amount of exploration re- 
quired is a highly variable function of many factors. This 
equation is based on estimated exploration costs for several 
successful placer operations, but these deposits may have 
little in common with the one being evaluated. 

The base equation is applied to the following variable: 


X = Total estimated resource, in bank cubic yards 
(BCY) 


Base Equation: 


Exploration capital costs .. Y, = 0.66%X/™° 


An exact breakdown of expenses included in this cost 
is not available. In general, exploration is a labor-intensive 
task. Unless the deposit is extremely remote, a large share 
of the exploration cost will be attributed to labor. If the 
deposit is remote, costs of access equipment (helicopters, etc.) 
will become a factor. 


Method 2: Excellent cost data for most exploration func- 
tions may be found in the Bureau's Cost Estimation System 
(CES) Handbook (IC 9142). Functions covered in that 
publication include : 

Helicopter rental rates. 

Sample preparation and analysis costs. 

Drill capacities and costs for core, rotary, and 
hammer drills. 

Survey charges. 

Labor rates. 

Travel costs. 

Ground transportation costs. 

Field equipment costs. 

Geological, geophysical, and geochemical exploration 
technique costs. 


Costs directly related to placer mining from the above 
list are summarized in the following tabulations. Several 
items particular to placer mining are not covered in the CES 
Handbook. These items, for which costs follow, include 

Panning. 
Churn drilling. 
Bucket drilling. 
Trenching. 
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CAPITAL COSTS 


Exploration Cost Tabulations: As in the CES Hand- 
book, costs are given in dollars per unit processed (cubic 
vard, sample, foot drilled, etc.). The product of the unit cost 
and the total units processed constitutes the total capital 
cost for any particular method of exploration. Total explora- 
tion costs consist of the sum of these individual exploration 
method expenses. A summary sheet for these calculations 
is shown in figure 4. 
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CES Exploration Cost Tabulations: Some of the more 
pertinent exploration cost items presented in the CES Hand- 
book (IC 9142) are summarized in the following. A de- 
tailed description of these items can be found in that 
publication. 


EXPLORATION—GENERAL RECONNAISSANCE 


. Average cost per worker-day ..... $195 
EXPLORATION—PANNING Gosthrange.- tts 40. roe che $175-$210 

Cost ‘variablest®t 22! 2222807 .'8. Deposit access, terrain, 
Average cost per sample ........ $2.10 and labor efficiency. 
tS Lae oe Sa ae ee $1.90-$2.60 
Costevariablesseesqsct.-semerncs= Labor efficiency and EXPLORATION—CAMP COSTS 

material being panned. 
Average cost per worker-day ..... $30 
EXPLORATION—CHURN DRILLING Costiwange 2. 22 SPPeteee. « -5 s 23 $19-$41 

Cost: variables... - 2-25. .2 -)-2 2. Deposit remoteness, 
Average cost per foot ........... $45 terrain, access, and 
Cost canvas Pte els. $20-$70 climate. 
Gostivaria bless 6 pice itt Depth of hole, material 


being drilled, site access, 
and local competition. 


EXPLORATION—SEISMIC SURVEYING (REFRACTION) 


Average cost per linear foot...... $1.50 
EXPLORATION—BUCKET DRILLING lame Veter. or odo n= + $1.00-$2.50 
Cost. variables 2 occ =< 5 Se Labor efficiency, deposit 
Average cost per foot ........... $9.20 access, and terrain. 
Cost ratigerani at ah ems URS $5-$20 
Costavariables &. Giusc.. sie - caman - Depth of hole, material EXPLORATION—ROTARY DRILLING 
being drilled, and site 
access. Average cost per foot ........... $6.50 
Cost. TARE eee ot ie See $2.00-$11.50 
EXPLORATION—TRENCHING Gost vartables#e >< e <a Depth of hole, material 
being drilled, and site 
Average cost per cubic yard...... $7.10 access. 
Costirange rete Stato, $2.25-$28.50 
Cost vartablést 2 Sse? Ure Labor efficiency, material EXPLORATION—HELICOPTER RENTAL 
being sampled, site 
access, equipment owner- Average cost per hour .......... $395 
ship, sampling method, Gost range; Sena oes ee $305-$590 
and total volume of work COSELVATIADIOS ee os oer Passenger capacity, 
to be done. payload capacity, cruise 


speed, and range. 


EXPLORATION COST SUMMARY FORM 


Capital cost calculation: 


General reconnaissance ..___————Ssw Worrerr-days x $ /worker-day = 
Camp cosis . .2o.5 oxan ces ___s«worrker-days x $__-———sés /woorrkerr-day = 
Panning J... ¢ fn 2 ca 7 hs > Samples MNS Baraou™ span = 
Churn drilling ........... _______ ft drilled mS /ft = 
Bucket drilling .......... ft: dirilled et ior | = 
Trenching ia. Bic. .6 . os: jrast ode yd ~ sa ae = 
Seismic surveying ....... ae near’ it x $ linear ft = 
Rotary drilling ........... ____ ft drilled + ie SHEE) = 
Helicopter time .......... et ea | BES Tee em = 
cveiesacas eae ee P = 
SP eS x §$ / = 
Liaw x $ / = 
Me ce siete’ x $ / = 
fh he meas bate x $ / = 
Roe ac x $ / = 
Sct pit reer x $ / = 
PRINS FOS x $ / 
otal 2 oe os cee ee eS a kee reece ce geass eras. 


Figure 4.—Exploration cost summary form. 
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DEVELOPMENT—ACCESS ROADS 


Capital Cost Equation: This equation provides the cost 
per mile of road construction to the deposit and between 
various facilities. Costs include clearing and excavation, but 
do not account for any blasting or gravel surfacing that may 
be required. The equation is applied to the following 
variable: ’ 


X = Average width of roadbed, in feet. 


The following assumptions were made in estimating road 
costs: 


1. Side slope, 25%. 
2. Moderate ground cover. 


3. Moderate digging 
difficulty. 


Base Equation: 
Access road capital cost ....Y, = 765.65(X)°%? 


The capital cost consists of 68% construction labor, 13% 
parts, 16% fuel and lubricants, and 3% tire replacement. 


Brush Factor: The original equation is based on the 
assumption that ground cover consists of a mixture of brush 
and trees. If vegetation is light (i.e., consisting mainly of 
brush or grasses), the total cost per mile (covered with brush) 
must be multiplied by the factor obtained from the follow- 
ing equation: 


F,, = 0.158(X) 9325, 


Forest Factor: If ground cover is heavy (i.e., consisting 
mainly of trees), the total cost per mile (covered with trees) 
must be multiplied by the factor obtained from the follow- 
ing equation: 


F, = 2.000(X)-0.079, 


Side Slope Factor: If average side slope of the terrain 
is other than 25%, the factor obtained from the following 
equation must be applied to the total cost per mile: 


F. = 0.633e!0-021 (percent slope), 


Surfacing Factor: If gravel surfacing is required, the 
cost per mile must be multiplied by the following factor to 
account for the additional labor, equipment, and supply 
costs: 


F, = 6.743. 
Blasting Factor: In hard-rock situations, blasting may 
be required. Should this be the case, the cost obtained from 


the following equation must be added to total access road 
cost. 


F,, = [12,059.18(X)°>] x [miles of roadbed requiring 
blasting]. 


Total Cost: Access road capital cost is determined by 


(Y, x Fy x F, x F, x F,) x total miles] + F,. 


CAPITAL COST, doltars per mile 





AVERAGE ROROBED WIOTH, feet 


Development capital costs - Access roads 


This total cost is then entered in the appropriate row of the 
tabulation shown in figure 5 for final capital cost 
calculation. 
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DEVELOPMENT—CLEARING 


Capital Cost Equation: This equation provides the 
total capital cost of clearing brush and timber from the sur- 
face of a deposit prior to mining. Costs include labor, equip- 
ment, and supplies required to completely strip the surface 
of growth, and to dispose of debris. The equation is applied 
to the following variable: 


X = Total acreage to be cleared. 


The following assumptions were made in estimating 
clearing costs: 


1. Level slope. 2. Moderate ground cover. 


Base Equation: 
Clearing capital cost .... Y, = 1,043.61(X)°9!% 


The capital cost consists of 68% construction labor, 18% fuel 
and lubricants, 12% parts, and 2% steel supplies. 


Slope Factor: The original equation is based on the 
assumption that the slope of the surface overlying the 
deposit is nearly level. If some slope is present, the factor 
obtained from the following equation must be applied to the 
clearing capital cost: 


F, = 02.942e!0.008& percent slope?) 


Brush Factor: Ground cover is assumed to consist of 
a mixture of brush and small trees. If the surface is covered 
with only brush and grasses, the following factor must be 
applied to the cost: 


F,, = 0.250. 


Forest Factor: If the surface is forested, capital cost 
must be multiplied by the following factor: 


F, = 1.750. 
Total Cost: Clearing capital cost is determined by 
(Y, x F, x Fy x Fp). 
This total cost is then entered in the appropriate row of the 


tabulation shown in figure 5 for final capital cost 
calculation. 
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Development capital costs - Clearing 
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PREPRODUCTION OVERBURDEN REMOVAL—BULLDOZERS 


Capital Cost Equations: These equations provide the 
cost of excavating and relocating overburden using 
bulldozers. Costs are reported in dollars per loose cubic yard 
of overburden handled. The equations are applied to the 
following variable: : 


X = Maximum loose cubic yards of pay gravel, over- 
burden, and tails moved hourly by bulldozer. 


The base equations assume the following: 

1. No ripping. 4. Dozing distance, 300 ft. 

2. Cutting distance, 5. Average operator ability. 
50 ft. 6. Nearly level gradient. 

3. Efficiency, 50 min/h. 


Base Equations: 


Equipment operating cost Yp = 0.993(X)-°.430 
Labor operating cost ... Y, = 14.01(X)-0™5 


Equipment operating costs average 47% parts and 53% fuel 
and lubrication. Labor operating costs average 86% operator 
labor and 14% repair labor. 


Distance Factor: If the average dozing distance is other 
than 300 ft, the factor obtained from the following equa- 
tion must be applied to total cost per loose cubic yard: 


F, = 0.00581(distance).™. 


Gradient Factor: If the average gradient is other than 
level, the factor obtained from the following equation must 
be applied to the total cost per loose cubic yard: 


F.. = 1 04 1e!0-015 percent yradient)} 
G . : 


Ripping Factor: If ripping is required, total operating 
cost must be multiplied by the following factor, this will 
account for reduced productivity associated with ripping: 


F, = 1.595. 


Used Equipment Factor: These factors account for 
added operating expenses accrued by equipment having 
over 10,000 h of previous service life. The respective equip- 
ment and labor portions of the base operating costs must 
be multiplied by factors obtained from the following 
equations: 


Equipment factor ........ U, = 1.206(X)-°.013 
Lauoriactor sce ae U, = 0.967(X)?.915 


Digging Difficulty Factor: Parameters given in the 
discussion on site adjustment factors in section 1 should be 
used to determine if a digging difficulty factor is required. 
If so, one of the following should be applied to total cost per 
loose cubic yard: 


F,,, easy digging . .0.830 F,,, medium-hard 
F,,, medium diggings... ee 1.250 
digging... 5 1.000 F,,, hard digging .. .1.670 
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Overburden removal capital costs - Bul Idozers 


Total Cost: Cost per loose cubic yard of overburden is 
determined by 


[Y,U) + Y(U)] x Fp x Fe x Fy x Fp. 


To obtain overburden removal capital cost, the total cost 
per loose cubic yard must be multiplied by total amount 
of overburden handled by bulldozer prior to production. This 
product is subsequently entered in the appropriate row of 
the tabulation shown in figure 5 for final capital cost 
calculation. 
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PREPRODUCTION OVERBURDEN REMOVAL—DRAGLINES 


Capital Cost Equations: These equations provide the 
cost of excavating overburden using draglines. Costs are 
reported in dollars per loose cubic yard of overburden han- 
dled. The equations are applied to the following variable: 


X= Maximum loose cubic yards of pay gravel, over- 
burden, and tails moved hourly by dragline. 


The base curves assume the following: 


1. Bucket efficiency, 0.90. 3. Swing angle, 90°. 
2. Full hoist. 4. Average operator 
ability. 


Base Equations: 


Equipment operating costs.. Y, = 1.984(X)°” 
Labor operating costs ..... BY pes 2-1 CX 0S 


Equipment operating costs consist of 67% parts and 33% 
fuel and lubrication. Labor operating costs consist of 78% 
operator labor and 22% repair labor. 


Swing Angle Factor: If the average swing angle is 
other than 90°, the factor obtained from the following equa- 
tion must be applied to the total cost per loose cubic yard: 


F, = 0.304 (swing angle)?®. 


Used Equipment Factor: These factors account for 
added operating expenses accrued by equipment having 
over 10,000 h of previous service life. The respective equip- 
ment and labor portions of base operating costs must be 
multiplied by factors obtained from the following equations: 


Equipment factor ........ U, = 1.162(X)-°°!” 
Labor factor............. U, = 0.989 X)°% 


Total Cost: Cost per loose cubic yard of overburden is 
determined by 
[Y,(U,) + Y¥,(U))] x Fs. 


To obtain the overburden removal capital cost, the total cost 
per loose cubic yard must be multiplied by the total amount 
of overburden handled by dragline prior to production. This 
product is subsequently entered in the appropriate row of 
the tabulation shown in figure 5 for final capital cost 
calculation. 


OPERATING COST, dollare per lovee cubic yard 


CRPACITY, maximum loose aiic yards per hour 
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26 CAPITAL COSTS 


PREPRODUCTION OVERBURDEN REMOVAL—FRONT-END LOADERS 


Capital Cost Equations: These equations provide the 
cost of relocating overburden using wheel-type front-end 
loaders. Costs are reported in dollars per loose cubic yard 
of overburden handled. The equations are applied to the 
following .variable: 


X = Maximum loose cubic yards of pay gravel, over- 
burden, and tails moved hourly by front-end loader. 


The base equations assume the following: 

1. Haul distance, 500 ft. 3. Inconsistent operation. 

2. Rolling resistance, 4. Wheel-type loader. 
nearly level gradient. 


Base Equations: 


Equipment operating cost Y, = 0.407(X)0.22 
Labor operating cost .... Y, = 13.07(X)0.936 


Equipment operating costs average 22% parts, 46% fuel and 
lubrication, and 32% tires. Labor operating costs average 
90% operator labor and 10% repair labor. 


Distance Factor: If the average haul distance is other 
than 500 ft, the factor obtained from the following equa- 
tion must be applied to the total cost per loose cubic yard: 


Fp = 0.023(distance)616, 


Gradient Factor: If total gradient (gradient plus roll- 
ing resistance) is other than 2%, the factor obtained from 
the following equation must be applied to the total cost per 
loose cubic yard: 


F,;= 0.877 ¢!0.046percent gradient) 


Used Equipment Factor: These factors account for 
added operating expenses accrued by equipment having 
over 10,000 h of previous service life. The respective equip- 
ment and labor portions of the base operating costs must 
be multiplied by factors obtained from the following 
equations: 


Equipment factor ....... U, = 1.162(X)-0.017 
Labor factor)... 4:46... U, = 0.989(X)0.006 


Track-Type Loader Factor: If track-type loaders are 
used, the following factors must be applied to the total cost 
obtained from the base equations: 


1.378 
1.073 


Equipment factor ....... fife 
Labor factor. 2. 02) 7h. T, 


Total Cost: Cost per loose cubic yard of overburden is 
determined by 


[Y,(U,) (T,) + Y(U,) (T,)] x Fp x Fo. 


To obtain the overburden removal capital cost, the total cost 
per loose cubic yard must be multiplied by the total amount 
of overburden handled by front-end loader prior to produc- 


OPERATING COST, dol lare per loose cubic yard 
PRICE Zaks 
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CAPACITY, maximum loose cawbic yords per hour 


1,000 


Overburden removal capita! costs - Front-end icaders 


tion. This product is subsequently entered in the ap- 
propriate row of the tabulation shown in figure 5 for final 
capital cost calculation. 


CAPITAL COSTS 27 


PREPRODUCTION OVERBURDEN REMOVAL—REAR-DUMP TRUCKS 


Capital Cost Equations: These equations provide the 
cost of hauling overburden using rear-dump trucks. Costs 
are reported in dollars per loose cubic yard of overburden 
handled. The equations are applied to the following 
variable: 


X = Maximum loose cubic yards of pay gravel, 
overburden, and tails moved hourly by rear- 
dump truck. 


The base equations assume the following: 


. Haul distance, 2,500 ft. 4. Average operator 

. Loader cycles to fill, 4. ability. 

. Efficiency, 50 min/h. 5. Rolling resistance, 2%, 
nearly level gradient. 


(oe 


Base Equations: 


Equipment operating costs. .Y, = 0.602(X)0.2% 
Labor operating cost....... Y, = 11.34(X).691 


Equipment operating costs consist of 28% parts, 58% fuel 
and lubrication, and 14% tires. Labor operating costs con- 
sist of 82% operator labor and 18% repair labor. 


Distance Factor: If average haul distance is other than 
2,500 ft, the factor obtained from the following equation 
must be applied to total cost per loose cubic yard: 


Fp = 0.093(distance) 9.311, 


Gradient Factor: If total gradient (gradient plus roll- 
ing resistance) is other than 2%, the factor obtained from 
the following equation must be applied to the total cost per 
loose cubic yard: 


Fg = 0.907e!0.04%percent gradient), 


Used Equipment Factor: These factors account for 
added operating expenses accrued by equipment having 
over 10,000 h of previous service life. The respective equip- 
ment and labor portions of the base operating costs must 
be multiplied by factors obtained from the following 
equations: 


Equipment factor......... U, = 0.984(X)0.016 
Labor factorsdsatawet. tact U, = 0.943(X)0.021 


Total Cost: Cost per loose cubic yard of overburden is 
determined by 


(Y,(U,.) + Y,(U))] x Fp x Fe. 


To obtain the overburden removal capital cost, the total cost 
per loose cubic yard must be multiplied by the total amount 
of overburden handled by truck prior to production. This 
product is subsequently entered in the appropriate row of 
the tabulation shown in figure 5 for final capital cost 
calculation. 


OPERATING COST, dol!llare per !oose cubic yard 





CAPACITY, maximum loose cubic yards per hour 


Overtburden removal capital costs - Rear-dump trucks 


28 CAPITAL Costs 


PREPRODUCTION OVERBURDEN REMOVAL—SCRAPERS 


Capital Cost Equations: These equations provide the 
cost of excavating and hauling overburden using scrapers. 
Costs are reported in dollars per loose cubic yard of over- 
burden handled. The equations are applied to the follow- 
ing variable: 


X = Maximum loose cubic yards of pay gravel, over- 
burden, and tails moved hourly by scraper. 


The base curves assume the following: 


1. Standard scrapers. 4. Average haul distance, 
2. Rolling resistance, 6%, 1,000 ft. 

nearly level gradient. 5. Average operator 
3. Efficiency, 50 min/h. ability. 


Base Equations: 


Equipment operating cost. .Y, = 0.325(X)-0.210 
Labor operating cost...... Y,, = 12.01(X)-0.930 


Equipment operating costs consist of 28% parts, 58% fuel 
and lubrication, and 14% tires. Labor operating costs con- 
sist of 82% operator labor and 18% repair labor. 


Distance Factor: If average haul distance is other than 
1,000 ft, the factor obtained from the following equation 
must be applied to total cost per loose cubic yard: 


Fy = 0.01947(distance 577, 


Gradient Factor: If total gradient (gradient plus roll- 
ing resistance) is other than 6%, the factor obtained from 
the following equation must be applied to total cost per loose 
cubic yard: 


F; = 0.776 ¢e!0.047ipercent Emadient)|_ 


Used Equipment Factor: These factors account for 
added operating expenses accrued by equipment having 
over 10,000 h of previous service life. The respective equip- 
ment and labor portions of the base operating costs must 
be multiplied by factors obtained from the following 
equations: 


Equipment factor......... U, = 1.096(X)-0.006 
Labor‘factor?. / 23) 6o9 es. U, = 0.845(X)0.034 


Total Cost: Cost per loose cubic yard of overburden is 
determined by 


[Y,(U.) + Y, (U))] x Fp x Fe. 


To obtain the overburden removal capital cost, the total cost 
per loose cubic yard must be multiplied by the total amount 
of overburden handled by scraper prior to production. This 
product is subsequently entered in the appropriate row of 
the tabulation shown in figure 5 for final capital cost 
calculation. ' 





CAPACITY, moximum loose cubic yords per hour 
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MINE EQUIPMENT—BACKHOES 


Capital Cost Equation: This equation furnishes the ', 
cost of purchasing the appropriate number and size of 
hydraulic backhoes needed to provide the maximum re- 
quired production. Costs do not include transportation, sales 
tax, or discounts. The equation is applied to the following 
variable: ; 


X = Maximum loose cubic yards of pay gravel moved 
hourly by backhoe. 





The following capacities were used to calculate the base 
equation: 


105 hp ...... 95to200 195hp...... 250 to 375 
LCY/h LCY/h 

135 hp ...... 175 to275 325hp...... 350 to 475 
LCY/h LCY/h 


CAPITAL COST, do!!lare 


These capacities are based on the following assumptions: 


1. Medium digging 4. Maximum digging 
difficulty. depth, 0% to 50%. 

2. Average operator 5. No obstructions. CRPACITY, maximm loose cubic yarde per hour 
ability. 

Ss Switis angle, 60° to Mine equipment capital costs - Backhoes 


90°. 





Base Equation: 
Equipment capital cost ... Yo = 84,132.01! 00350%)! 


Equipment capital costs consist entirely of the equipment 
purchase price. 


Digging Depth Factor: If average digging depth is 
other than 50% of maximum depth obtainable for a par- 
ticular make of backhoe, the factor obtained from the follow- 
ing equation must be applied to total capital cost: 


Fp = 0.04484(D)°79, 
where D = percent of maximum digging depth. 


Used Equipment Factor: This factor accounts for the 
reduced capital expenditure of purchasing equipment hav- 
ing over 10,000 h of previous service life: 


Fy = 0.386. 


Digging Difficulty Factor: Parameters given in the 
discussion on site adjustment factors in section 1 should be 
used to determine if a digging difficulty factor is required. 
If so, one of the following should be applied to total capital 


cost: 
Fy, easy digging ..1.000 Fy, medium-hard 
Fy, medium digging .......... 1.556 
Gigging!... ge ne 1.330 Fy, hard digging . .1.822 


Total Cost: Backhoe capital cost is determined by 
Yc X Fp x Fy X Fu. 
This product is subsequently entered in the appropriate row 


of the tabulation shown in figure 5 for final capital cost 
calculation. 


30 CAPITAL COSTS 


MINE EQUIPMENT—BULLDOZERS 


Capital Cost Equation: This equation furnishes the 
cost of purchasing the appropriate size and number of 
crawler dozers needed to provide the maximum required 
production. Costs do not include transportation, sales tax, 
or discounts. The equation is applied to the following 
variable: © : 


X = Maximum loose cubic yards of pay gravel, 
overburden, and waste moved hourly by 
bulldozer. 


The following capacities were used to calculate the base 
equation: 


65 hp ..... 19.0 LCYh 200hp..... 126.0 LCYh 
80 hp ..... 31.5 LCYh 335hp..... 263.5 LCY/h 
105 hp ..... 56.5 LCYh 460hp..... 334.0 LCY/h 
140 hp ..... 82.0 LCY/h 700hp..... 497.5 LCY/h 


The above capacities are based on the following 
assumptions: 
1. Straight “S” blades. 5. Dozing distance, 


2. No ripping. 300 ft. 
3. Average operator 6. Efficiency, 50 min/h. 
ability. 7. Even, nearly level 
4. Cutting distance, gradient. 
50 ft. 


Base Equation: 
Equipment capital cost... Y¢ = 3,555.96(X)0.806 


Equipment capital costs consist entirely of equipment pur- 
chase price. 


Distance Factor: If average dozing distance is other 
than 300 ft, the factor obtained from the following equa- 
tion must be applied to capital costs. This will correct for 
the addition or reduction of equipment required to main- 
tain maximum capacity: ; 


Fp = 0.0154% distance) 0732, 


Gradient Factor: If the average gradient is other than 
level, the factor obtained from the following equation must 
be applied to total capital cost. This will correct for the ad- 
dition or reduction of equipment required to maintain max- 
imum capacity. (Favorable haul gradients should be entered 
as negative, uphill haul gradients as positive.) 


Fc = 1.041el0.01kpercent gradient)| 


Digging Difficulty Factor: Variations from the base 
digging difficulty will necessitate changes in equipment size 
to maintain production capacity. Parameters given in the 
discussion on site adjustment factors in section 1 should be 
used to determine if a digging difficulty factor is required. 
If so, one of the following should be applied to total capital 
cost: 

Fy, easy digging ..0.863 Fy medium-hard 
Fy medium chosing (2 coc: 1.197 
CIGFING oo54 5 ae 1.000 Fy hard digging . .1.509 


CAPITAL COST, dol tars 





CAPRCITY, maximum !cose cubic yards per hour 
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Used Equipment Factor: This factor accounts for 
reduced capital expenditure of purchasing equipment hav- 
ing over 10,000 h of previous service life: 


Fy = 0.411. 


Total Cost: Bulldozer capital cost is determined by 
Yo xX Fy x Fp x Fg x Fy. 


This product is subsequently entered in the appropriate row 
of the tabulation shown in figure 5 for final capital cost 
calculation. 


CAPITAL COSTS 31 


MINE EQUIPMENT—DRAGLINES 


Capital Cost Equation: This equation furnishes the 
cost of purchasing the appropriate size dragline needed to 
provide the maximum required production. Costs do not in- 
clude transportation, sales tax, or discounts. The equation 
is applied to the following variable: 


X= Maximum loose cubic yards of pay gravel, 
overburden, and waste moved hourly by 
dragline. 


The following capacities were used to calculate the base 
equation: 


84 hp...28 LCY/h 190 hp... 94 LCY/h 
110 hp...47 LCY/h 263 hp .. .132 LCYM 
148 hp...66 LCY/h 289 hp... .188 LCY/h 
170 hp...75 LCY/h 540 hp ...264 LCY/h 


The above capacities are based on the following 
assumptions: 


1. Bucket efficiency, 3. Swing angle, 90°. 
0.90. 4. Average operator 
2. Full hoist. ability. 


Base Equation: 
Equipment capital cost ..... Yo = 16,606.12(X)0-678 


Equipment capital costs consist entirely of the equipment 
purchase price. 


Swing Angle Factor: If the average swing angle is 
other than 90°, the factor obtained from the following equa- 
tion must be applied to total capital cost. This factor will 
compensate for equipment size differences required to ob- 
tain the desired maximum capacity: 


F, = 0.450(swing angle).180. 


Used Equipment Factor: This factor accounts for the 
reduced capital expenditure of purchasing equipment hav- 
ing over 10,000 h of previous service life: 


Fy = 0.422. 


Total Cost: Dragline capital cost is determined by 
Ya x Fs x Fy. 


This product is subsequently entered in the appropriate row 
of the tabulation shown in figure 5 for final capital cost 
calculation. 


CAPITAL COST, dollars 
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32 CAPITAL COSTS 


MINE EQUIPMENT—FRONT-END LOADERS 


Capital Cost Equation: This equation provides the cost 
of purchasing the appropriate size and number of wheel- 
type front-end loaders needed to supply the maximum re- 
quired production. Costs do not include transportation, sales 
tax, or discounts. The equation is applied to the following 
variable: 


X =Maximum loose cubic yards of pay gravel, 
overburden, and waste moved hourly by 
front-end loader. 


The base equation was calculated using the following 
capacities: 
1.00-yd* bucket, 
65 hp ....24.00 LCYh 
1.50-yd? bucket, 
80 hp ....34.50 LCYh 
1.75-yd? bucket, 
105 hp ...38.50 LCYh 
2.25-yd? bucket, 
125 hp ...56.25 LCYh 
2.75-yd* bucket, 
155 hp ...66.00 LCYh 


3.50-yd? bucket, 

200 hp ..129.50 LCYh 
4.50-yd° bucket, 

270 hp ..171.00 LCYh 
6.50-yd? bucket, 

375 hp ..234.00 LCYh 
12.00-yd* bucket, 

690 hp . .348.00 LCY/h 


The above capacities are based on the following 
assumptions: 


1. Haul distance, 500 ft. 4. Wheel-type loader. 
2. Rolling resistance, 2%, 5. Efficiency, 50 min/h. 
nearly level gradient. 6. General purpose 
3. Inconsistent bucket, heaped. 

operation. 


Base Equation: 
Equipment capital cost. . -Y¢o = 2,711.10(X)0.896 


Equipment capital costs consist entirely of the equipment 
purchase price. 


Distance Factor: If the average haul distance is other 
than 500 ft, the factor obtained from the following equa- 
tion must be applied to the capital cost. This will correct 
for the addition or reduction of equipment required to main- 
tain maximum capacity. (If tracked loaders are to be used, 
the maximum haul distance should not exceed 600 ft.) 


Fp = 0.033(distance)?552, 


Gradient Factor: If total gradient (gradient plus roll- 
ing resistance) is other than 2%, the factor obtained from 
the following equation must be applied to the total capital 
cost. This will correct for the addition or reduction of equip- 
ment required to maintain maximum capacity: 


F, = 0.888 610.04 lipercent gradient)] 


Used Equipment Factor: This factor accounts for 
reduced capital expenditure of purchasing equipment hav- 
ing over 10,000 h of previous service life. — 


Fy = 0.386. 


100,000 


CAPITAL COST, do! lare 
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Track-Type Loader Factor: If track-type loaders are 
used, the factor obtained from the following equation must 
be applied to total capital cost. This factor will account for 
the decrease in production efficiency and the difference in 
equipment cost: 


Fy = 0.414(X)0.272, 


Total Cost: Front-end loader capital cost is determined 
by 


Yo X Fp x Fg x Fy x Fp. 
This product is subsequently entered in the appropriate row 


of the tabulation shown in figure 5 for final capital cost 
calculation. 


be 


CAPITAL COSTS 33 


MINE EQUIPMENT—REAR-DUMP TRUCKS 


Capital Cost Equation: This equation furnishes the 
cost of purchasing the appropriate size and number of diesel 
rear-dump trucks needed to provide the maximum required 
production. Costs do not include transportation, sales tax, 
or discounts. The equation is applied to the following 
variable: 


X =Maximum loose cubic yards of pay gravel, 
overburden, and waste moved hourly by 
rear-dump truck. 


The following capacities were used to calculate the base 


equation: 

3.0-yd? 12.0-yd* 

truck..... 82:3" LOY. “truck” &: 3: 124.5 LCYh 
5.0-yd? 16.0-yd° 

uch CC. 53.4 LCY/ _truck..... 163.9 LCY/h 
6.0-yd? 22.8-yd* 

rock’: 63.6 LCY/h_truck..... 223.5 LCY/h 
8.0-yd* 34.0-yd* 

truck ..... 83.5 LCY/n i truck..... 326.3 LCY/h 
10.0-yd° 47.5-yd? 


truck ..... 104.2 LCY/h truck..... 444.8 LCY/h 


The above capacities are based on the following 
assumptions: 


1. Diesel rear-dump 
trucks. 
2. Loader cycles to fill, 4. 


4. Rolling resistance, 2%, 
nearly level gradient. 


Base Equation: 
Equipment capital cost... Y¢ = 472.09 X)!.139 


Equipment capital costs consist entirely of the equipment 
purchase price. 


Distance Factor: If the average haul distance is other 
than 2,500 ft, the factor obtained from the following equa- 
tion must be applied to capital cost. This will correct for 
the addition or reduction of equipment required to main- 
tain maximum capacity: 

Fp = 0.06240(distance).36. 


Gradient Factor: If total gradient (gradient plus roll- 
ing resistance) is other than 2%, the factor obtained from 
the following equation must be applied to total capital cost. 
This will correct for the addition or reduction of equipment 
required to maintain the maximum capacity. (Favorable 
haul gradient should be entered as negative, uphill haul 
grades as positive.) 


Fc = 0.896el0.056(percent gradient)] 


Used Equipment Factor: This factor accounts for 
reduced capital expenditure of purchasing equipment hav- 
ing over 10,000 h of previous service life: 


Fy << 0.243. 


Total Cost: Truck capital cost is determined by 
Yo x Fp x Fe x Fy. 


3. Haul distance, 2,500 ft. 
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This product is subsequently entered in the appropriate row 
of the tabulation shown in figure 5 for final capital cost 
calculation. 


34 CAPITAL COSTS 


MINE EQUIPMENT—SCRAPERS 


Capital Cost Equation: This equation furnishes the cost 
of purchasing the appropriate size and number of scrapers 
needed to provide maximum required production. Costs do 
not include transportation, sales tax, or discounts. The equa- 
tion is applied to the following variable: 


X=Maximum loose cubic yards of pay gravel, over- 
burden, and waste moved hourly by scraper. 


The following capacities were used to calculate the base 
equation: 

330 hp....... 201 LCYh 550 hp....... 420 LCYh 

450 hp....... 323 LCYhh 


The above capacities are based on the following 
assumptions: 


1. Standard scrapers. 4. Average operator 
2. Rolling resistance, 6%, ability. 
nearly level gradient. 5. Dozing distance, 300 
ft 


3. Average haul : 
distance, 1,000 ft. 6. Efficiency, 50 minh. 


Base Equation: 
Equipment capital cost... .. Yo = 1,744.42(X)0.934 


Equipment capital costs consist entirely of the equipment 
purchase price. 


Distance Factor: If the haul distance is other than 
1,000 ft, the factor obtained from the following equation 
must be applied to the total capital cost. This will correct 
for the addition or reduction of equipment required to main- 
tain maximum production capacity: 


Fp = 0.025 (distance)539, 


Gradient Factor: If tota] gradient (gradient plus roll- 
ing resistance) is other than 6%, the factor obtained from 
the following equation must be applied to total capital cost. 
This will correct for the addition or reduction of equipment 
required to maintain the maximum production capacity. 
(Favorable haul gradients are entered as negative, uphill 
haul gradients as positive.) 


F, = 0.776 e!0.047\percent gradient)). 


Used Equipment Factor: This factor accounts for 
reduced capital expenditure of purchasing equipment hav- 
ing over 10,000 h of previous service life: 


Fy = 0.312. 


Total Cost: Scraper capital cost is determined by 
Yc x Fy x F, x Fy. 


This product is subsequently entered in the appropriate row 
of the tabulation shown in figure 5 for final Capital cost 
calculation. 
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PROCESSING EQUIPMENT—CONVEYORS 


Capital Cost Equation: This equation furnishes the 
cost of purchasing and installing the appropriate size con- 
veyors needed to meet maximum required production. A 
separate cost must be calculated for each conveyor in the 
circuit. The cost includes associated drive motors and elec- 
trical hookup. Equipment transportation, sales tax, and dis- 
counts are not accounted for. The equation is applied to the 
following variable: 


X=Maximum cubic yards of material moved hourly 
by conveyor. 


The following capacities were used to calculate the base 


equation: 
18-in-wide 30-in-wide 
conveyor...... 96 yd*/h = conveyor...... 320 yd?/h 
24-in-wide 36-in-wide 
conveyor...... 192 yd*/h_ conveyor...... 480 yd*/h 


Base Equation: 
Equipment capital cost ...... Yo = 4,728.36(X)0-287 


The capital cost consists of 89% equipment purchase price, 
_8% installation labor, and 3% construction materials. 
4 
» Length Factor: If the required conveyor length is other 
than 40 ft, the factor obtained from the following equation 
“must be applied to the calculated capital cost. This factor 
is valid for conveyors 10 to 100 ft long: 


F, = 0.304(length?.330, 


Used Equipment Factor: This factor accounts for 
reduced capital expenditure of purchasing equipment hav- 
ing over 10,000 h of previous service life: 


Fy = 0.505. 


Total Cost: Conveyor capital cost is determined by 
Yo x FL x Fy. 


This product is subsequently entered in the appropriate row 
of the tabulation shown in figure 5 for final capital cost 
calculation. 
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36 CAPITAL COSTS 


PROCESSING EQUIPMENT—FEED HOPPERS 


Capital Cost Equation: This equation furnishes the 
cost of purchasing and installing the appropriate size 
vibrating feeder needed to meet maximum required produc- 
tion. The cost includes associated drive motors, springs, and 
electrical hookup, plus the expense of a hopper. Equipment 
transportation, sales tax, and discounts are not accounted 
for. The equation is applied to the following variable: 


X=Maximum cubic yards of material handled 
hourly by feed hopper. 


The following capacities were used to calculate the base 


equation: 
12-An-wide unit?!) Jrcacn: pt ae AR adeno Ae 16 yd3/h 
24iN-Wide UNIOEE sh doh ka napencienekithwernns 211 yd3/h 
OG-in-wide Wniths «cobs ob acne 4 oles 522 yd3hh 


The above capacities are based on the following 
assumptions: 


1. Unsized feed. 2. Feed density, 2,300 lb/yd®. 


Base Equation: 
Equipment capital cost........ Yo = 458.48(X)0.470 


The capital cost consists of 82% equipment purchase price, 
14% construction and installation labor, and 4% steel. 


Hopper Factor: In many instances a vibrating feeder 
may not be required. If a hopper is the only equipment 
needed, multiply the calculated cost by the factor obtained 
from the following equation. This factor will account for 
material and labor required to construct and install a 
hopper: 

Fy = 0.078e!0.00172 x11, 


Used Equipment Factor: The factor calculated from 
the following equation accounts for reduced capital expen- 
diture of purchasing equipment having éver 10,000 h of 
previous service life: 


Fy = 0.476¢!0.00036x)), 


Total Cost: Feeder capital cost is determined by 
Yc X Fy x Fy. 


This product is subsequently entered in the appropriate row 
of the tabulation shown in figure 5 for final capital cost 
calculation. 


CAPITAL COST, dollars 
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PROCESSING EQUIPMENT—JIG CONCENTRATORS 


Capital Cost Equation: This equation furnishes the 
cost of purchasing and installing the appropriate size and 
number of jigs needed to meet maximum required produc- 
tion. The cost includes associated drive motors, piping, and 
electrical hookup. Equipment transportation, sales tax, and 
discounts are not accounted for. The equation is applied to 
the following variable: 


X=Maximum cubic yards of feed handled hourly by 
jig concentrators. 


The following capacities were used to calculate the base 
equation: 


12- by 12-in 36- by 36-in 

simplex ..... 0.617 yd*/h_ triplex . . .16.659 yd*/h 
26- by 26-in 42- by 42-in 

simplex ..... 2.896 yd*/h__ triplex . . .22.675 yd*/h 
36- by 36-in 

duplexPe. . . 11.106 yd*/h 


The above capacities are based on the following 
assumptions: 


1. Cleaner service. 4. Slurry density, 40% 
2. Hourly capacity, 0.617 solids. 

yd3/ft2. 5. Gravity feed. 
3. Feed solids, 3,400 

Ib/yd3. 


Base Equation: 
Equipment capital cost ...... Yo = 6,403.82(X)0.595 


The capital cost consists of 62% equipment purchase price, 
12% construction labor and installation, and 26% construc- 
tion materials. 


Rougher-Coarse Factor: If jigs are to be used for 
rougher service, or a coarse feed, higher productivity will 
be realized. To account for the reduction in equipment re- 
quired to maintain production, the calculated capital cost 
must be multiplied by the following factor: 


Fa = 0.531. 


Used Equipment Factor: This factor accounts for the 
reduced capital expenditure of purchasing equipment hav- 
ing over 10,000 h of previous service life: 


Fy = 0.697. 
Total Cost: Jig concentrator capital cost is determined 
by 
Yc x F R X Fy. 
This product is subsequently entered in the appropriate row 


of the tabulation shown in figure 5 for final capital cost 
calculation. 
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PROCESSING EQUIPMENT—SLUICES 


Capital Cost Equation: This equation furnishes the 
cost of constructing and installing the appropriate size and 
number of sluices needed to meet maximum required pro- 
duction. Costs do not include material transportation or 
sales tax. The equation is applied to the following variable: 


X=Maximum cubic yards of feed handled hourly 
by sluice. 


The following capacities were used to calculate the 
base equation: 


18-in-wide 36-in-wide 

bOk-Giee 2. 20:75 yd"h. box. .-. .. 75.00 yd*/h 
24-in-wide 42-in-wide 

DOX. atias 266 31.25 yd*/h_ box....... 125.00 yd?/h 
30-in-wide 48-in-wide 

BOX... Abas. 50.00 yd*/h box....... 218.75 yd?/h 


The above capacities are based on the following 
assumptions: 


1. Steel plate 4. Length-to-width ratio, 
construction. 4:1 

2. Angle-iron riffles. 5. Gravity feed. 

3. Feed solids, 3,400 
Ib/yd3. 

Base Equation: 


Equipment capital cost........ Yo = 113.57(X)0567 


The capital cost consists of 61% construction and installa- 
tion labor, and 39% construction materials. 


Wood Construction Factor: If sluices are to be made 
of wood rather than steel, the following factor will account 
for reduced material and construction costs: 


Fy = 0.499X)-0.023, 


Length Factor: This factor will account for changes in 
the desired length of the sluice. The factor obtained from 
the following equation must be applied to capital cost: 


F, = 1.001(L.753, 


where L = desired length divided by length assumed for 
the base calculation (width x 4.0). 


Used Equipment Factor: This factor accounts for 
reduced capital expenditure of purchasing equipment hav- 
ing over 10,000 h of previous service life. 


Fy = 0.574. 


Total Cost: Sluice capital cost is determined by 
Yc x Fy x F, x Fy. 


This product is subsequently entered in the appropriate row 
of the tabulation shown in figure 5 for final capital cost 
calculation. 
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PROCESSING EQUIPMENT—SPIRAL CONCENTRATORS 


Capital Cost Equation: This equation furnishes the 
cost of purchasing and installing the appropriate number 
of spirals needed to meet maximum required production. 
Cost of slurry splitters, fittings, and pipe are all included. 
Costs donot include transportation; sales tax, or discounts. 
The equation is applied to the following variable: 


X = Maximum cubic yards of feed handled hourly 
by spiral concentrator. 


The following capacities were used to calculate the base 
equation: 


2 starts. 2yd*hh 50starts......... 50 yd?/h 
10 starts .10 yd*h 100 starts......... 100 yd*/h 


The above capacities are based on the following 
assumptions: 


4. Slurry density, 
10% solids. 
5. Gravity feed. 


1. Rougher service. 

2. Solids per start, 
1.75 st/h. 

3. Feed solids, 
3,400 Ib/yd°. 


Base Equation: 
Equipment capital cost... Y, = 3,357.70(X)°.9%9 


The capital cost consists of 71% equipment purchase price, 
13% construction labor and installation, and 16% construc- 
tion materials. 


Cleaner-Scavenger Service Factor: If spirals are to 
be used for cleaner or scavenger functions, unit capacity 
will decrease. To account for additional equipment needed 
to maintain production, calculated capital cost must be 
multiplied by the following factor: 


F, = 2.333. 


Used Equipment Factor: This factor accounts for 
reduced capital expenditure of purchasing equipment hav- 
ing over 10,000 h of previous service life: 


F,. = 0.654. 


Total Cost: Spiral concentrator capital cost is deter- 


mined by 

You x F;. 
This product is subsequently entered in the appropriate row 
of the tabulation shown in figure 5 for final capital cost 
calculation. 
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PROCESSING EQUIPMENT—TABLE CONCENTRATORS 


Capital Cost Equation: This equation furnishes the 
cost of purchasing and installing the appropriate size and 
number of tables needed to meet maximum required pro- 
duction. Cost includes associated drive motors, piping, and 
electrical hookup. Equipment transportation, sales tax, and 
discounts are not accounted for. The equation is applied to 
the following variable: 


X = Maximum cubic yards of feed handled hourly 
by table concentrator. 


The following capacities were used to calculate the base 
equation: 
18 ft*""> 0.147 -yd*/h..146_f} 24 1.471 yd*/h 
32 ft? .... 0.442 yd*/h 240 ft?....... 2.471 yd*/h 
80 ft? .... 0.882 yd*/h 


The above capacities are based on the following 
assumptions. 


1. Cleaner service. 3. Slurry density, 
2. Feed solids, 3,400 25% solids. 
Ib/yd?. 4. Gravity feed. 


Base Equation: 
Equipment capital cost... Y,. = 20,598.06(X)? 


The capital cost consists of 62% equipment purchase price, 
12% construction labor and installation, and 26% construc- 
tion materials. 


Rougher-Coarse Factor: If tables are to be used for 
rougher service, or a coarse feed, higher productivity will 
be realized. To account for reduction in equipment required 
to maintain production, the calculated capital cost must be 
multiplied by the following factor: 


F, = 0.568. 


Used Equipment Factor: This factor accounts for 
reduced capital expenditure of purchasing equipment hav- 
ing over 10,000 h of previous service life: 


F,. = 0.596. 


Total Cost: Table concentrator capital cost is deter- 
mined by 
VORP Oe Re. 
This product is subsequently entered in the appropriate row 
of the tabulation shown in figure 5 for final capital cost 
calculation. 
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CAPITAL COSTS 


PROCESSING EQUIPMENT—TROMMELS 


Capital Cost Equation: This equation furnishes the 
cost of purchasing and installing the appropriate size trom- 
mels needed to meet maximum required production. Cost 
includes associated drive motors, piping, and electrical 
hookup. Equipment transportation, sales tax, and discounts 
are not accounted for. The equation is applied to the follow- 
ing variable: 


X = Maximum cubic yards of feed handled hourly 
by trommels. 


The following capacities were used to calculate the base 
equation: 
3.0-ft diam... 40 yd*/h. 5.0-ft diam... 250 yd*h. 
3.5-ft diam... 50 yd*%h. 5.5-ft diam... 300 yd*/h. 
4.0-ft diam... 85 yd*h. 7.0-ft diam... 500 yd*/h. 
4.5-ft diam... 150 yd*/h. 


The above capacities are based on the following 
assumptions: 


1. Trommels are sec- 2. Gravity feed. 
tioned for scrubbing 3. Feed density, 2,300 
and sizing. lb/yd?. 


Base Equation: 
Equipment capital cost... Y. = 7,176.21(X)°5*? 


The capital cost consists of 64% equipment purchase price, 
26% construction and installation labor, and 10% construc- 
tion materials. 


Used Equipment Factor: This factor accounts for the 
reduced capital expenditure of purchasing equipment hav- 
ing over 10,000 h of previous service life: 


F,, = 0.516. 
Total Cost: Trommel capital cost is determined by 
Y, x Fy, 
This product is subsequently entered in the appropriate row 


of the tabulation shown in figure 5 for final capital cost 
calculation. 


do! lars 


CAPITAL COST, 


41 








: | | 
‘0 100 





I “00 


CAPACITY, maximum cubic yards of feed treated per nou- 


Processing equipment capita! costs - 


Trommns is 


42 CAPITAL COSTS 


PROCESSING EQUIPMENT—VIBRATING SCREENS 


Capital Cost Equation: This equation furnishes the 
cost of purchasing and installing the appropriate size and 
number of vibrating screens needed to meet maximum re- 
quired production. Cost includes installation and electrical 
hookup of-both the screens and the associated drive motors. 
Equipment transportation, sales tax, and discounts have 
not been taken into account. The equation is applied to the 
following variable: 


X = Maximum cubic yards of feed handled hourly 
by vibrating screens. 


The following capacities were used to calculate the base 
equation: 


30-ft? screen 96-ft? screen 

surface ..... 47 yd*/n__surface...... 150 yd*/h 
56-ft? screen 140-ft? screen 

surface ..... 87 yd*/h_ surface...... 218 yd*/h 
60-ft? screen 

surface ..... 93 yd*/h 


The above capacities are based on the following 
assumptions: 


1. An average of 0.624 ft? 2. Feed solids, 
of screen is required for 3,120 Ib/yd?. 
every cubic yard of 3. Gravity feed. 
hourly capacity. 


Base Equation: 


Equipment capital cost... Y,. = 1,870.20(X)?®! 


The capital cost consists of 75% equipment purchase price, 
10% construction and installation labor, and 15% construc- 
tion materials. 


Capacity Factor: If anticipated screen capacity is other 
than 0.624 ft?/yd* of hourly feed capacity, the calculated 
capital cost must be multiplied by the following factor. This 
will account for the increase or reduction in equipment size 
required to maintain production: 


F,. = 1.3220), 


where C = anticipated capacity in square feet per cubic yard 
of hourly feed. 


Used Equipment Factor: This factor accounts for 
reduced capital expenditure of purchasing equipment hav- 
ing over 10,000 h of previous service life: 


F,. = 0.565. 


Total Cost: Vibrating screen capital cost is determined 
by 
Y, 7 Fe uFy 
This product is subsequently entered in the appropriate row 
of the tabulation shown in figure 5 for final capital cost 
calculation. 
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SUPPLEMENTAL—BUILDINGS 


Capital Cost Equation: This equation provides the cost 
of materials and construction for any buildings needed at 
the site. These may include storage sheds, shops, or mill 
buildings. Costs do not include sales tax, material transpor- 
tation, or discounts. A separate cost must be calculated for 
each building, and the equation is applied to the following 

















variable: : 

X = Estimated floor area, in square feet. 2 

Building costs are based on the following assumptions: a 

1. Average quality tem- 3. Concrete perimeter e 

porary structures. foundations with wood a 

2. Steel frame with floors. S 

metal siding and 4. Electricity and 

roofing. lighting provided. 


Base Equation: 





onpital Post". .-.. a. « Y¢ = 34.0%X)°% i 
- - FLOOR AREA, squore fest 
The capital cost consists of 34% construction labor, 41% con- 
struction materials, and 25% equipment. Supplemantal capital costs - Bui idings 


Cement Floor Factor: If a cement floor is required, 
the cost calculated from the base equation must be 
multiplied by the factor obtained from the following 
equation: 


F. = 1.035(X)28, 


Plumbing Factor: If plumbing is required, the follow- 
ing factor must be applied to the total capital cost: 


F, = 1.013(X).%2, 


Foundation Factor: If a concrete foundation and wood 
floor are not needed, multiply the capital cost by the factor 
obtained from the following equation. This will account for 
the cost of wood blocks and sills for the foundation: 


F, = 0.640(X)°%. 
Total Cost: Building capital cost is determined by 
¥, x FE_* FF, 
This product is subsequently entered in the appropriate row 


of the tabulation shown in figure 5 for final capital cost 
calculation. 


a CAPITAL COSTS 


SUPPLEMENTAL—EMPLOYEE HOUSING 


Capital Cost Equation: Costs of purchasing, outfitting, 
and installing trailers for workers living at the minesite 
are provided by this equation. Costs are based on fair qual- 
ity single-wide trailers capable of meeting minimum 
building code requirements. Costs do not include sales tax, 
equipment transportation, or discounts. The equation is ap- 
plied to the following variable: 


X = Average loose cubic yards of overburden and 
pay gravel handled hourly. 


The following capacities were used to calculate the base 
equation: 

25 LCYhh .. 3.1 workers 150 LCY/h . 6.6 workers 

50 LCYhh .. 4.2 workers 400 LCY/h . 9.9 workers 


The above capacities are based on the following 
assumptions: 


1. Average workforce for 2. Two workers per 


placer mines in the trailer. 
western United States 3. Trailers contain cook- 
(including Alaska). ing facilities. 


Base Equation: 
Capital cost........... Yo = 7,002.51(X)?-418 


The capital cost consists of 90% equipment purchase price, 
7% construction and installation labor, and 3% construc- 
tion materials. 


Used Equipment Factor: This factor accounts for the 
reduced expense of purchasing used trailers. The adjusted 
cost is obtained by multiplying the calculated capital cost 
by the following factor: 


F,, = 0.631. 


Workforce Factor: The equation used to compute labor 
for capital cost estimation is: 


Workforce = 0.822(X)°415, 


If the workforce for the operation under evaluation is 
known, and is different than that calculated from the above 
equation, the correct capital cost may be obtained from the 
following equation: 


Y, = (Number of workers) x 8,608.18. 


Total Cost: Employee housing capital cost is deter- 
mined by 
Y. x Fy. 
This product is subsequently entered in the appropriate row 
of the tabulation shown in figure 5 for final capital cost 
calculation. 


ars 


Go. 


CAPI1AL COST, 





i ' ef | | 
10,000 —~ —-—--p—-— +--+, ++. 
i \ 





100 


CAPACITY, average |oose asic yards pay 
grave! plus overburden mined per hour 


Supplemental capital costs - Employee housing 





1,000 


CAPITAL COSTS 45 


» SUPPLEMENTAL—GENERATORS 
Capital Cost Equation: This equation provides the cost 1905000 t=2 41/9 ~ weary 
of purchasing and installing the appropriate size generator - . is Rett! ; | 
required to meet maximum production. Cost includes in- ; : tu) Geliys! | 


stallation and connection through the fuse box, and allows ' ate | 


for mill, mine, camp, and ancillary function power consump- [pt 


tion. Costs do not include equipment transportation, sales, | 








tax, or discounts. The equation is applied to the following o | La | ! 
variable: £ pee RP a Mae ; 
8 | | | 
X = See cubic yards of feed handled per - amage | be bind 
our. 8 | aw | 
—) | | 
The following capacities were used to calculate the base = Y ane | otie ie 
equation: & i 
10-kW 75-kW | | | nr 
generator ... 10 yd*/h generator ... 125 yd%/h | ae | iE. 
30-kW 125-kW 
generator ... 40 yd*/h_ generator ... 200 yd*/h | 
45-kW 250-kW 
generator ... 75 yd*/h generator ... 400 yd*/h r.000 5 100 r000 


MILL CAPACITY, moximsm cibic yards of feed treated per hour 

The above capacities are based on the assumption that 

0.57 kW is needed for every cubic yard of mill capacity. This Supplemental capital costs - Generators 
is average for a mine with a basic plant containing trom- 
mels, conveyors, mechanical gravity separation devices (jigs 
or tables), and other necessary ancillary equipment. In all 
cases, a slightly higher rated generator has been selected 
' for costing purposes to account for demand surges and 
» miscellaneous electrical consumption, such as camp elec- 
tricity. A factor is provided below for operations with power 

consumption rates other than 0.57 kW/yd?. 


Base Equation: 
Equipment capital cost... Y. = 1,382.65(X)°604 


The capital cost consists of 75% equipment purchase price, 
19% construction and installation labor, and 6% construc- 
tion materials. ; 


Alternate Power Consumption Factor: If anticipated 
power consumption rate is other than 0.57 kW/yd? mill 
capacity, the capital cost must be multiplied by the factor 
obtained from the following equation: 


F, = 1.365(P)°618, 
where P = anticipated power consumption rate. 


Used Equipment Factor: This factor accounts for 
reduced capital expenditure of purchasing equipment hav- 
ing over 10,000 h of previous service life: 


F,, = 0.481. 
Total Cost: Generator capital cost is determined by 
Yo x Fp x Fy. 
Y This product is subsequently entered in the appropriate row 


of the tabulation shown in figure 5 for final capital cost 
calculation. 
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SUPPLEMENTAL—PUMPS 


Capital Cost Equation: This equation furnishes the 
cost of purchasing and installing the appropriate size of 
pump needed for each particular function (i.e., providing 
fresh mill water, recirculating spent water through settling 
ponds, etc.). If more than one pump is required, a separate 
cost must be calculated for each installation. Guidelines for 
pump requirements are listed in section 1. In general, 
however, at least one pump will be required if water is 
recycled through settling ponds. Costs of diesel-driven cen- 
trifugal pumps, polyviny! chloride (PVC) pipe, and pump 
and pipe installation labor are all considered. Costs of equip- 
ment transportation, sales tax, and discounts are not in- 
cluded. The equation is applied to the following variable: 


X = Maximum gallons per minute of water 
handled. 


The following capacities were used to calculate the base 
equation: 


0.50-hp 10.50-hp 

pump..... 50 gpm pump...... 1,000 gpm 
2.00-hp 18.50-hp 

pump ..... 200 gpm pump...... 1,750 gpm 
5.25-hp 37.00-hp 

pump..... 500 gpm pump...... 3,500 gpm 


The above capacities are based on the following 
assumptions: 


1. Total head of 25 ft. 
2. Diesel-powered pumps. 


3. Abrasion-resistant 
steel construction. 

4. Total engine-pump ef- 
ficiency of 60%. 


Base Equation: 


Equipment capital cost... Y,. = 63.909 X)°6!8 


The capital cost consists of 70% equipment purchase price, 
22% construction materials, and 8% construction and in- 
stallation labor. 


Head Factor: Iftotal pumping head is other than 
25 ft, the factor calculated from the following equation will 
correct for changes in pump size requirements. The product 
of this factor and the original cost will provide the ap- 
propriate figure: 


F,, = 0.125(H*", 
where H = total pumping head. 


Used Equipment Factor: This factor accounts for 
reduced capital expenditure of purchasing equipment hav- 
ing over 10,000 h of previous service life: 


F,, = 0.615. 
Total Cost: Pump capital cost is determined by 
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This product is subsequently entered in the appropriate row 
of the tabulation shown in figure 5 for final capital cost 
calculation. 
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SUPPLEMENTAL—SETTLING PONDS 


Capital Cost Equation: This equation furnishes the 
cost of settling ponds for waste-water treatment. Costs of 
labor and equipment operation for site selection, size deter- 
mination, rough surveying, excavation, ditching, grading, 
and placement of sized gravel are all included. The equa- 
tion is applied to the following variable: 


X = Maximum mill water consumption, in gallons 
per minute. 


If the water consumption rate is not known, one can be 
estimated from the following equation: 


X = 94.089 Y)46, 


where Y = maximum cubic yards of mill feed handled per 
hour. 


The following capacities were used to calculate the base 
equation: 


400 gpm .... 1,426-yd* 900 gpm .... 3,208-yd° 
liquid liquid 
capacity. capacity 

600 gpm .... 2,139-yd* 1,400 gpm ... 4,991-yd* 
liquid liquid 
capacity capacity 


The above capacities are based on the following 
assumptions: 


1. Pond located in mined- 3. Capable of holding 


out area. 12 h of waste water 
2. Excavated by produced by mill. 
bulldozer. 4. Based on jig plant 
water consumption 
rate. 


Base Equation: 
Capital cost... Y, = 3.982(X)°9%? 


The capital cost consists of 75% construction labor, 13% fuel 
and lubrication, and 12% equipment parts. 


Liner Factor: In order to meet water quality standards, 
some settling ponds must be lined with an impervious 
material. If such a liner is required, total capital cost must 
be multiplied by the factor calculated from the following 
equation: This factor covers cost of the liner and associated 
installation labor: 


F, = 27.968(X)°*"*. 
Total Cost: Settling pond capital cost is determined by 
cc 


This product is subsequently entered in the appropriate row 
of the tabulation shown in figure 5 for final capital cost 
calculation. 
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48 OPERATING COSTS 


OVERBURDEN REMOVAL—BULLDOZERS 


Operating Cost Equations: These equations provide 
the cost of excavating and relocating overburden using 
bulldozers. Costs are reported in dollars per loose cubic yard 
of overburden handled. The equations are applied to the 
following variable: 


X = Maximum loose cubic yards of pay gravel, 
overburden, and tails moved hourly by 
bulldozer. 


The base equations assume the following: 


1. No ripping. 4. Dozing distance, 
2. Cutting distance, 300 ft. 
50 ft. 5. Average operator 


3. Efficiency, 50 min/h. ability. 
6. Nearly level gradient. 


Base Equations: 


0.993(X)-0 4 


Equipment operating cost... Y, 
14, 01(X yess 


Labor operating cost ....... Y;, 


Equipment operating costs average 47% parts and 53% fuel 
and lubrication. Labor operating costs average 86% oper- 
ator labor and 14% repair labor. 


Distance Factor: If the average dozing distance is other 
than 300 ft. the factor obtained from the following equa- 
tion must be applied to total cost per loose cubic yard: 


F,, = 0.0058 1(distance)”". 


Gradient Factor: If the average gradient is other than 
level, the factor obtained from the following equation must 
be appled to the total cost per loose cubic yard: 


F 


Gs 1.04 Le!?.Ol percent gradient] 

Ripping Factor: If ripping is required; total operating 
cost must be multiplied by the following factor. This will 
account for the reduced productivity associated with ripping: 


F, = 1.595. 


Used Equipment Factor: These factors account for 
added operating expenses accrued by equipment having 
over 10,000 h of previous service life. The respective equip- 
ment and labor portions of the base operating costs must 
be multiplied by the factors obtained from the following 
equations: 


1.206(X)-9.018 


Equipment factor .......... U 
0.967(X)?-915 


Lahoritactor sa... a aa U, 


tou 


Digging Difficulty Factor: Parameters given in the 
discussion on site adjustment factors in section 1 should be 
used to determine if a digging difficulty factor is required. 
If so, one of the following should be applied to total cost per 
loose cubic yard: 


F,,. easy digging . 0.830 F,,, medium-hard 
F,,, medium digging tct1.2. 1.250 
digging 2a5, ae 1.000 F,,, hard digging. 1.670 
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Total Cost: Cost per loose cubic yard of overburden is 

determined by 
(YU) + Y,(U)] x Fy x Fy x Fy, x Fp. 

The total cost per loose cubic yard must then be multiplied 
by the total yearly amount of overburden handled by 
bulldozer. This product is subsequently entered in the ap- 
propriate row of the tabulation shown in figure 6 for final 
operating cost calculation. 
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OVERBURDEN REMOVAL—DRAGLINES 


Operating Cost Equations: These equations provide 
the cost of excavating overburden using draglines. Costs 
are reported in dollars per loose cubic yard of overburden 
handled. The equations are applied to the following 
variable: - 


X = Maximum loose cubic yards of pay gravel, over- 
burden, and tails moved hourly by dragline. 


The base curves assume the following: 


1. Bucket efficiency, 3. Swing angle, 90°. 
0.90. 4. Average operator 
2. Full hoist. ability. 


Base Equations: 


Equipment operating cost... 
Labor operating cost ....... 


Y_= 1.984(X)-0.390 
Y= 12.14 X)-0888 


Equipment operating costs consist of 67% parts and 33% 
fuel and lubrication. Labor operating costs consist of 78% 
operator labor and 22% repair labor. 


Swing Angle Factor: If average swing angle is other 
than 90°, the factor obtained from the following equation 
must be applied to the total cost per loose cubic yard: 


F,=0.304(swing angle)?-269. 


Used Equipment Factor: These factors account for 
added operating expenses accrued by equipment having 
over 10,000 h of previous service life. The respective equip- 
ment and labor portions of the base operating costs must 
be multiplied by the factors obtained from the following 
equations: 


U, = 1.162(X)-9.017 


Equipment factor.......... 
U, = 0.989 X)p.006 


Labor. factories. *orrr 2 re 


Total Cost: Cost per loose cubic yard of overburden 
is determined by 


[Y(U,) + Y,(U))] x Fs. 


The total cost per loose cubic yard must then be multiplied 
by the total yearly amount of overburden handled by 
dragline. This product is subsequently entered in the ap- 
propriate row of the tabulation shown in figure 6 for final 
operating cost calculation. 
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OVERBURDEN REMOVAL—FRONT-END LOADERS . 


Operating Cost Equations: These equations provide 
the cost of relocating overburden using wheel-type front- 
end loaders. Costs are reported in dollars per loose cubic 
yard of overburden handled. The eapations are applied to 
the following variable: 


X=Maximum loose cubic yards of pay gravel, over- 
burden, and tails moved hourly by front-end 


loader. 





The base equations assume the following: 

1. Haul distance, 500 ft. 3. Inconsistent operation. 

2. Rolling resistance, 2%, 4. Wheel-type loader 
nearly level gradient. 


Base Equations: 
Equipment operating cost... Y,=0.407(X)-0225 
Labor operating cost ....... Y,,=13.07(X)- 9.936 


OPERATING COST, dollare per toose cubic yard 





Equipment operating costs average 22% parts, 46% fuel and 
lubrication, and 32% tires. Labor operating costs average CRPRCITY, maximum loose cubic yords per hour 
90% operator labor and 10% repair labor. 
Overburden remova! operating costs - Front-end loaders 
Distance Factor: If average haul distance is other than 
500 ft, the factor obtained from the following equation must 
be applied to the total cost per loose cubic yard: 


F,)=0.023(distance)-6'6, 


Gradient Factor: If total gradient (gradient plus roll- 
ing resistance) is other than 2%, the factor obtained from 
the following equation must be applied to the total cost per 
loose cubic yard: 


F,, = 0.877 e10.046i percent gradient], 


Used Equipment Factor: These factors account for 
added operating expenses accrued by equipment having 
over 10,000 h of previous service life. The respective equip- 
ment and labor portions of the base operating costs must 
be multiplied by the factors obtained from the following 


equations: 
Equipment factor.......... U, = 1.162(X)-0.017 
Lsabor factorpenses .peerviad-t ap = 0.989 X)0.006 


Track-Type Loader Factor: If track-type loaders are 
used, the following factors must be applied to the total cost 
obtained from the base equations: 


Equipment factor.......... T, = 1.378 
Lis bOT FACtOR. Ce aatho aoe T,=1.073 


Total Cost: Cost per loose cubic yard of overburden is 
determined by 


(Y(U,XT,) + Y,(U,XT,)] x Fp x Fc. 


The total cost per loose cubic yard must then be multiplied 
by the total yearly amount of overburden handled by 
dragline. This product is subsequently entered in the ap- 
propriate row of the tabulation shown in figure 6 for final 
operating cost calculation. 


OPERATING COSTS os 


OVERBURDEN REMOVAL—REAR-DUMP TRUCKS 


Operating Cost Equations: These equations provide 
the cost of hauling overburden using rear-dump trucks. 
Costs are reported in dollars per loose cubic yard of over- 
burden handled. The equations are applied to the follow- 
ing variable: 


X=Maximum loose cubic yards of pay gravel, over- 
burden, and tails moved hourly by rear dump 
truck. 


The base equations assume the following: 


1. Haul distance, 4. Average operator 


2,500 ft. ability. 
2. Loader cycles to 5. Nearly level gradient. 
fill, 4. 


3. Efficiency, 50 min/h. 


Base Equations: 


Equipment operating cost... Y,=0.602(X)-0.2% 
Labor operating cost ....... Y = 11.34(X)-0891 


Equipment operating costs consist of 28% parts, 58% fuel 
and lubrication, and 14% tires. Labor operating costs con- 
sist of 82% operator labor and 18% repair labor. 


Distance Factor: If average haul distance is other than 
2,500 ft, the factor obtained from the following equation 
must be applied to total cost per loose cubic yard: 


Fp=0.093(distance)-31!, 


Gradient Factor: If total gradient (gradient plus roll- 
ing resistance) is other than 2%, the factor obtained from 
the following equation must be applied to total cost per loose 
cubic yard: 

Fo= 0.907 .el0.04% percent gradient)]_ 


Used Equipment Factor: These factors account for 
added operating expenses accrued by equipment having 
over 10,000 h of previous service life. The respective equip- 
ment and labor portions of the base operating costs must 
be multiplied by the factors obtained from the following 
equations: 


Equipment factor.......... U,=0.984(X)-0.016 
POOP ACLON os aca) a. pero U,=0.943(X)0.021 


Total Cost: Cost per loose cubic yard of overburden is 
determined by 


[Y,(U.+Y(U))] x Fp x Fe. 


The total cost per loose cubic yard must then be multiplied 
by the total yearly amount of overburden handled by truck. 
This product is subsequently entered in the appropriate row 
of the tabulation shown in figure 6 for final operating cost 
calculation. 


OPERATING COST, dollare per loose cuble yard 











1,000 


CAPRCITY, maximum loose aiic yards per nour 


Overturden removal operating costs - Rear-dump trucks 
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OVERBURDEN REMOVAL—SCRAPERS 


Operating Cost Equations: These equations provide 
the cost of excavating and hauling overburden using 
scrapers. Costs are reported in dollars per loose cubic yard 
of overburden handled. The equations are applied to the 
following variable: : 


X = Maximum loose cubic yards of pay gravel, over- 
burden, and tails moved hourly by scraper. 


The base curves assume the following: 


1. Standard scrapers. 4. Haul distance, 1,000 ft. 
2. Rolling resistance, 5. Average operator 

6%, nearly level ability. 

gradient. 
3. Efficiency, 50 min/h. 


Base Equations: 


Equipment operating cost... Y,=0.325(X)-210 
Labor operating cost ....... Y;,=12.01(X)-0.930 


Equipment operating costs consist of 48% fuel and lubrica- 
tion, 34% tires, and 18% parts. Labor operating costs con- 
sist of 88% operator labor and 12% repair labor. 


Distance Factor: If average haul distance is other than 
1,000 ft, the factor obtained from the following equation 
must be applied to the total cost per loose cubic yard: 


F,,=0.01947idistance.5*", 


Gradient Factor: If total gradient (gradient plus roll- 
ing resistance) is other than 6%, the factor obtained from 
the following equation must be applied to the total cost per 
loose cubic yard: 

F,;=0.776e!9 O47 percent gradient ||, 


Used Equipment Factor: These factors account for 
added operating expenses accrued by equipment having 
over 10,000 h of previous service life. The respective equip- 
ment and labor portions of the base operating costs must 
be multiplied by the factors obtained from the following 


equations: 
Equipment factor.......... U, = 1.096(X )-0.006 
Eabor factor pion ae, U,=0.845(X 0.034 


Total Cost: Cost per loose cubic yard of overburden is 
determined by 


[Y(U,) fe Y,(U))) x Fy x Fg. 


The total cost per loose cubic yard must then be multiplied 
by the total yearly amount of overburden handled by 
scraper. This product is subsequently entered in the ap- 
propriate row of the tabulation shown in figure 6 for final 
operating cost calculation. 


OPERATING COST, dol tars per l!oose cubic yard 





0.010 
10 100 1 ,COO 


CAPACITY, maximum |cose cubic yords per hour 


Qve-turden removal! operating costs - Scrapers 
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MINING—BACKHOES 


Operating Cost Equations: These equations provide 
the cost of excavating pay gravel using backhoes. Costs are 
reported in dollars per loose cubic yard of pay gravel han- 
dled. The equations are applied to the following variable: 


X=Maximum loose cubic yards of pay gravel moved 
hourly by backhoe. 


The base equations assume the following: 
1. Easy digging 4. Average operator 


difficulty. ability. 
2. Swing angle, 60° to 5. No obstructions 
90°. (boulders, tree roots, 
3. Up to 50% of etc.). 
maximum digging 
depth. 


Base Equations: 
95-200 LCY/h: 


Equipment operating cost .. .Y-=8.360(X}1.019 
Labor operating cost........ Y_=17.53(X}1.009 


175-275 LCY/h: 


Equipment operating cost .. .Y,=11.44(X}1.021 
Labor operating cost........ Y,=17.25(X)-1.000 


250-375 LCY/h: 


Equipment operating cost .. .Y,=15.17(X}-1.003 
Labor operating cost ........ Y,=19.97(Xp1017 


350-475 LCY/h: 


Equipment operating cost . . . Y,=22.59X)-0.995 
Labor operating cost........ Y = 16.55(X)-0.977 


Equipment operating costs consist of 38% parts and 62% 
fuel and lubrication. Labor operating costs consist of 88% 
operator labor and 12% repair labor. 


Digging Depth Factor: If average digging depth is 
other than 50% of maximum, the factor obtained from the 
following equation must be applied to the total cost per loose 
cubic yard of pay gravel: 


Fp=0.09194(percent of maximum digging depth)0-608, 


Used Equipment Factor: These factors account for 
added operating expenses accrued by equipment having 
over 10,000 h of previous service life. The respective equip- 
ment and labor portions of the base operating costs must 
be multiplied by the factors obtained from the following 


equations: 
Equipment factor........... U,=1.078(X +9.003 
Laborfactor 22. feet AY, 61 U,=0.918(X)0.021 


Digging Difficulty Factor: Parameters given in the 
discussion on site adjustment factors in section 1 should be 
used to determine if a digging difficulty factor is required. 


OPERATING COST, dollare par |oose cubic yord 





CAPACITY, maximum loose abic yorcs per hour 
Equipmpnt we Labor 
Mining operating costs - Gorcithoes 





If so, one of the following should be applied to total cost per 
loose cubic yard of pay gravel: 


F\,, easy digging ... 1.000 F,,, medium-hard 
F,,, medium CITRINE 2 oss ae 1.500 
CIS CNRS be a 1.250 F,, hard digging 1.886 


Total Cost: Cost per loose cubic yard of pay gravel is 
determined by 


[YU + YU] x F, x Fy. 


The total cost per loose cubic yard must then be multiplied 
by the total yearly amount of pay gravel handled by 
backhoe. This product is subsequently entered in the ap- 
propriate row of the tabulation shown in figure 6 for final 
operating cost calculation. 
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MINING—BULLDOZERS 


Operating Cost Equations: These equations provide 
the cost of excavating and relocating pay gravel using 
bulldozers. Costs are reported in dollars per loose cubic yard 
of pay gravel handled. The paket are applied to the 
following variable: 


X=Maximum loose cubic vards of pay gravel, over- 
burden, and tails moved hourly by bulldozer. 


The base equations assume the following: 


1. No ripping. 4. Dozing distance, 300 
2. Cutting distance, 50 ft. 
ft. 5. Average operator 


ability. 
6. Nearly level gradient. 


3. Efficiency, 50 min/h. 


Base Equations: 
Equipment operating cost... Y_,=0.993(X)-°430 
Labor operating cost ....... Y,=14.01(X)-0.45 


Equipment operating costs average 47% parts and 53% fuel 
and lubrication. Labor operating costs average 86% operator 
labor and 14% repair labor. 


Distance Factor: If average dozing distance is other 
than 300 ft, the factor obtained from the following equa- 
tion must be applied to the total cost per loose cubic yard: 


F,)=0.0058 1 distance 9.4. 


Gradient Factor: If average gradient is other than 
level, the factor obtained from the following equation must 
be applied to the total cost per loose cubic yard: 


F, =1.041¢!0.015 percent gradient], 


Ripping Factor: If ripping is required, total operating 
cost must be multiplied by the following factor. This will 
account for reduced productivity associated with ripping: 


Used Equipment Factor: These factors account for 
added operating expenses accrued by equipment having 
over 10,000 h of previous service life. The respective equip- 
ment and labor portions of the base operating costs must 
be multiplied by the factors obtained from the following 
equations: 


Equipment factor.......... U,=1.206(X)-0.013 
Labor tector ois oe sae U,=0.967(X)0.015 


Digging Difficulty Factor: Parameters given in the 
discussion on site adjustment factors in section 1 should be 
used to determine if a digging difficulty factor is required 
If so. one of the following should be applied to total cost per 
loose cubic yard. 


F,,, easy digging ... 0.830 F,,, medium-hard 
F,, medium digging 1.000 digging.. ne migaonO 
F,,, hard digging 1.670 


! .000 





Equicusnt) 


SSE NaS! 


OPERATING COST, dollare per |oose cubic yard 
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CRPACITY, maximum loose cubic yords per hour 


Mining operating costs - Bulldozers 


Total Cost: Cost per loose cubic yard of pay gravel is 
determined by 


{[Y,(U,)+ Y,U)))x Fx Fx Fy x Fp. 


The total cost per loose cubic yard must then be multiplied 
by total yearly amount of pay gravel handled by bulldozer. 
This product is subsequently entered in the appropriate row 
of the tabulation shown in figure 6 for final operating cost 
calculation. 





@ 


OPERATING COSTS 


uN 


MINING—DRAGLINES 


Operating Cost Equations: These equations provide 
the cost of excavating pay gravel using draglines. Costs are 
reported in dollars per loose cubic yard of pay gravel han- 
dled. The equations are applied to the following variable: 


X = Maximum loose cubic yards of pay gravel, over- 
burden, and tails moved hourly by dragline. 


The base curves assume the following: 


1. Bucket efficiency, 3. Swing angle, 90°. 
0.90. 4. Average operator 
2. Full hoist ability. 


Base Equations: 


Equipment operating cost... Y-=1.984(X)-0.390 
Labor operating cost ....... Y= 12.19 X)-0.888 


Equipment operating costs consist of 67% parts and 33% 
fuel and lubrication. Labor operating costs consist of 78% 
operator labor and 22% repair labor. 


Swing Angle Factor: If the average swing angle is 
other than 90°, the factor obtained from the following equa- 
tion must be applied to total cost per loose cubic yard: 


F,=0.304(swing angle)?.269, 


Used Equipment Factor: These factors account for 
added operating expenses accrued by equipment having 
over 10,000 h of previous service life. The respective equip- 
ment and labor portions of the base operating costs must 
be multiplied by the factors obtained from the following 
equations: 

Equipment factor.......... U,=1.162(X)-0.017 
LIADOLLACLDI os 6 bricks te ces U,=0.989 X )0.006 


Total Cost: Cost per loose cubic yard of pay gravel is 
determined by 


[Y(U+Y,(U) Ix Fs. 


The total cost per loose cubic yard must then be multiplied 
by the total yearly amount of pay gravel handled by 
dragline. This product is subsequently entered in the ap- 
propriate row of the tabulation shown in figure 6 for final 
operating cost calculation. 


OPERATING COST, dollare per |oowe cubic yard 
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CAPACITY, maximum looses aibic yards per hour 


Mining operating costs - Oragiines 


or 
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MINING—FRONT-END LOADERS 


Operating Cost Equations: These equations provide 
the cost of hauling pay gravel using wheel-type front-end 
loaders. Costs are reported in dollars per loose cubic yards 
of pay gravel handled. The equations are applied to the 
following variable: 

X=Maximum loose cubic yards of. pay gravel, over- 
burden, and tails moved hourly by front-end 
loaders. 


The base equations assume the following: 


1. Haul distance, 500 ft. 3. Inconsistent operation. 
2. Rolling resistance, 2%, 4. Wheel-type loader. 
aearly level gradient. 


Base Equations: 
Equipment operating costs.. Yp= 0.407(X)-0225 
Labor operating costs ...... Y = 13.07(X)-0.996 


Equipment operating costs average 22% parts, 46% fuel and 
lubrication, and 32% tires. Labor operating costs average 
90% operator labor and 10% repair labor. 


Distance Factor: If the average haul distance is other 
than 500 ft, the factor obtained from the following equa- 
tion must be applied to total cost per loose cubic yard: 


Fp = 0.023(distance)?-6'6, 


Gradient Factor: If total gradient (gradient plus roll- 
ing resistance) is other than 2%, the factor obtained from 
the following equation must be applied to the total cost per 
loose cubic yard: 


F, =(0).877.¢l0.046percent gradient)]_ 


Used Equipment Factor: These factors account for 
added operating expenses accrued by equipment having 
over 10,000 h of previous service life. The respective equip- 
ment and labor portions of the base operating costs must 
be multiplied by factors obtained from the following 
equations: : 

Equipment factor.......... U, = 1.162(X)°o"" 
Uabor factore so: fo eae U, = 0.98% X)°% 


Track-Type Loader Factor: If track-type loaders are 
used, the following factors must be applied to total cost ob- 
tained from the base equations: 


Equipment factor.......... T,=1.378 
Labor factor sho4 weet ae T,=1.073 


Total Cost: Cost per loose cubic yard of pay gravel is 
determined by 


[Y.(U,XT.)+ Y,(U,XT))] x Fpx Fe. 


The total cost per loose cubic yard must then be multiplied 
by total yearly amount of pay gravel handled by front-end 
loader. This product is subsequently entered in the ap- 
propriate row of the tabulation shown in figure 6 for final 
operating cost calculation. 


OPERATING COST, dollare per loose cubic yard 
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CRPRCITY, maximum loose cubic yards per hour 


Mining operating costs - Front-end loaders 
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MINING—REAR-DUMP TRUCKS 


Operating Cost Equations: These equations provide 
the cost of hauling pay gravel using rear-dump trucks. Costs 
are reported in dollars per loose cubic yard of pay gravel. 
The equations are applied to the following variable: 


X=Maximum loose cubic yards of pay gravel, over- 
burden, and tails moved hourly by rear dump 
truck. 


The base equations assume the following: 
1. Haul distance, 2,500 4. Average operator 
ft. ability. 
2. Loader cycles to fill, 4. 5. Relling resistance, 2%, 
3. Efficiency, 50 min/h. nearly level gradient. 


Base Equations: 


Equipment operating cost... Y,=0.602(X)-2.29 
Labor operating cost ....... Y,=11.34(X)-0.891 


‘Equipment operating costs consist of 28% parts, 58% fuel 


and lubrication, and 14% tires. Labor operating costs con- 
sist of 82% operator labor and 18% repair labor. 


Distance Factor: If average haul distance is other than 
2,500 ft, the factor obtained from the following equation 
must be applied to total cost per loose cubic yard: 


Fp=0.093(distance)3!!. 


Gradient Factor: If total gradient (gradient plus roll- 
ing resistance) is other than 2%, the factor obtained from 
the following equation must be applied to total cost per loose 
cubic yard: 


F=0.907e!0.04%percent yradient)|, 


Used Equipment Factor: These factors account for 
added operating expenses accrued by equipment having 
over 10,000 h of previous service life. The respective equip- 
ment and labor portions of the base operating costs must 
be multiplied by factors obtained from the following 
equations: 


Equipment factor.......... U,=0.984(X 0.016 
Labor factor >. &.?.. 8. -... U,=0.943(X 0.021 


Total Cost: Cost per loose cubic yard of pay gravel is 
determined by 


{[Y,(U,)+ Y,(U,))x Fpx F<. 


The total cost per loose cubic yard must then be multiplied 
by the total yearly amount of pay gravel handled by rear- 
dump truck. This product is subsequently entered in the 
appropriate row of the tabulation shown in figure 6 for final 
operating cost calculation. 


OPERATING COST, dollare per |oose cubic yard 
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Mining operating costs - Rear-dump trucks 
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58 OPERATING COSTS 
‘MINING—SCRAPERS 


Operating Cost Equations: These equations provide 
the cost of excavating and hauling pay gravel using 
scrapers. Costs are reported in dollars per loose cubic yard 
of pay gravel handled. The equations are applied to the 
following variables: 


X=Maximum loose cubic yards of pay gravel, over- 
burden, and tails moved hourly by scraper. 





The base equations assume the following: 


1. Standard scrapers. 4. Haul distance, 1,000 
2. Rolling resistance, 6%, ft? 

nearly level gradient. 5. Average operator 
3. Efficiency, 50 minh. ability. 


Base Equations: 
Equipment operating cost... Y,=0.325(X)02!0 


OPERATING COST, dollars per !oose cubic yard 





Labor operating cost ....... Y,,=12.01(X)0.90 
Equipment operating costs consist of 48% fuel and lubrica- 
tion, 34% tires, and 18% parts. Labor operating costs con- CRPRCITY, maximum !oose cubic yards per nour 
sist of 88% operator labor and 12% repair labor. oes 
ining operating costs - Scrapers 


Distance Factor: If average haul distance is other than 
1,000 ft, the factor obtained from the following equation 
must be applied to the total cost per loose cubic yard: 


F,)=0.01947(distance?57’. 


Gradient Factor: If total gradient (gradient plus roll- 
ing resistance) is other than 6%, the factor obtained from 
the following equation must be applied to total cost per loose 
cubic yard: 

F ,=0.776e!0.047(percent xradient)|_ 


Used Equipment Factor: These factors account for 
added operating expenses accrued by equipment having 
over 10,000 h of previous service life. The respective equip- 
ment and labor portions of the base operating costs must 
be multiplied by factors obtained from the following 


equations: 
Equipment factor.......... U, = 1.096(X)-0.006 
Labor, tactofics oirsu.ce mone U,=0.845(X)0.034 


Total Cost: Cost per loose cubic yard of pay gravel is 
determined by 


(Y,(U,)+ Y,(U)))x Fx Fc. 


The total cost per loose cubic yard must then be multiplied 
by the total yearly amount of pay gravel handled by scraper. 
This product is subsequently entered in the appropriate row 
of the tabulation shown in figure 6 for final operating cost 
calculation. 
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PROCESSING—CONVEYORS 


Operating Cost Equations: These equations provide 
the cost of moving gravel using conveyors. Costs are 
reported in dollars per cubic yard of gravel handled and in- 
clude the operating cost of the conveyor along with the 
drive. The equations are applied to the following variable: 


X = Maximum cubic yards of material moved 
hourly by conveyor. 


The base equations assume the following: 


1. Conveyors, 40 ft long. 3. Nearly level setup. 
2. Feed, 3,120 lb/yd?. 


Base Equations: 


Equipment operating cost... Y, = 0.218(X)°°**! 
Labor operating cost ....... 1 = 0.250(X)°7% 


Equipment operating costs average 72% parts, 24% elec- 
tricity, and 4% lubrication. Labor operating costs consist 
entirely of repair labor. 


Conveyor Length Factor: If conveyor length is other 
than 40 ft, factors obtained from the following equations 
must be applied to respective portions of the operating costs. 
These factors are valid for conveyors 10 to 100 ft long: 


Equipment factor.......... L, = 0.20%length)®43! 
ea borfactotn. ss ie aun Paced: 2 L, = 0.245(length)?*” 


Used Equipment Factor: These factors account for 
added operating expenses accrued by equipment having 
over 10,000 h of previous service life. The respective equip- 
ment and labor portions of base operating costs must be 
multiplied by the following factors: 


1.155 
1.250 


Equipment factor.......... U 
BEV ayo EY Gea ee Ls U, 


o 
Nt 


Total Cost: Cost per cubic yard of gravel is deter- 
mined by 


[Y,(L,XU,) + Y,(L,xU)]. 


The total cost per cubic yard must then be multiplied by 
the total yearly amount of feed handled by conveyor. (A 
separate operating and total yearly cost must be calculated 
for each conveyor in the circuit.) This product is subsequent- 
ly entered in the appropriate row of the tabulation shown 
in figure 6 for final operating cost calculation. 


dollars per cubic yard of material moved 
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PROCESSING—FEED HOPPERS 


Operating Cost Equations: These equations provide 
cost of material transfer using vibrating feeders. Costs are 
reported in dollars per cubic yard of feed and include the 
operating cost of the hopper, feeder, and drive motor. The 
equations are applied to the following variable: 


X = Maximum cubic yards of feed handled hourly 
by feed hopper. 


The base equations assume the following: 


1. Unsized feed. 2. Feed solids, 2,300 
lb/yd?. 


Base Equations: 


Equipment operating cost... Y, = 0.033(X)-°%4 
Labor operating cost ....... Y, = 0.017(X)-0295 


Equipment operating costs consist of 88% parts, 6% elec- 
tricity, and 6% lubrication. Labor operating costs consist 
entirely of repair labor. 


Hopper Factor: In many installations, a vibrating 
feeder is not used, and pay gravel feeds directly from the 
hopper. If this is the case, no operating cost for feeders is 
required. 


Used Equipment Factor: If a feeder with over 10,000 
h of previous service life is to be used, the following factors 
must be applied to respective operating costs to account for 
increased maintenance and repair requirements: 


Equipment factor.......... U, = 1.176 
Labor factors ay. .7ar «Gan U, = 1.233 
Total Cost: Cost per cubic yard of feed is determined by 
LY (U drtay £U,)). 


The total cost per cubic yard must then be multiplied by 
total yearly amount of feed handled by feed hopper. This 
product is subsequently entered in the appropriate row of 
the tabulation shown in figure 6 for final operating cost 
calculation. 


OPERATING COST, dollars per cubic yard of feed treated 





CAPACITY, maximum cubic yards of feed treated per hour 


Processing operating costs - Feed hoppers 
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PROCESSING—JIG CONCENTRATORS 


Operating Cost Equations: These equations provide 
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bth moximsn cubic yards of feed treated per nour 

Equipment operating costs consist of 40% parts, 34% elec- 

tricity, and 26% lubrication. Supply operating costs consist 

entirely of lead shot for bedding material. Labor operating 

® costs consist of 66% operator labor and 34% repair labor. 


Processing operating costs - Jig concentrators 


Rougher-Coarse Factor: If jigs are to be used for 
rougher service or a coarse feed, higher productivity will 
be realized. To compensate for this situation, the following 
factor must be applied to total operating cost: 


F, = 0.344. 


Used Equipment Factor: If jig concentrators with over 
10,000 h of service life are to be used, the following factors 
must be applied to respective operating: costs to account for 
increased maintenance and repair requirements: 


Equipment factor.......... U, = 
Labor factot-Gnic 3) 4 Sx U, = 1.087 


Total Cost: Cost per cubic yard of feed is determined by 
(Y,U,) + Y,+ Y,(U)I x Fy. 


The total cost per cubic yard must then be multiplied by 
the total yearly amount of feed handled by jig concentrators. 
This product is subsequently entered in the appropriate row 
of the tabulation shown in figure 6 for final operating cost 
calculation. 


G2 OPERATING COSTS 


PROCESSING—SLUICES 


Operating Cost Equations: These equations provide 
the cost of gravity separation using sluices. Costs are 
reported in dollars per cubic yard of feed and consist en- 
tirely of the expense of periodic concentrate cleanup. The 
equation is applied to the following variable: 


X = Maximum cubic yards feed handled hourly 
by sluice. 


The base equations assume the following: 


1. Steel plate 4. Length-to-width ratio, 
construction. 4:1. 

2. Angle iron riffles. 5. Gravity feed. 

3. Feed solids, 3,400 
lb/yd?. 


Base Equation: 
Labor operating cost... Y, = 0.337(X)~° 56 


Labor operating costs consist entirely of feed adjustment 
and cleanup labor. Costs of maintenance labor and parts 
are negligible. 


Wood Sluice Factor: If wood sluices are to be used, 
an allowance must be made for periodic sluice replacement. 
To account for this, an equipment cost must be added to total 
cost, and labor cost must be multiplied by the following 
factor: 


Equipment cost....... Y, = 0.00035(X)°3 
Laborfactory fence eo W, = 1.141 


Total Cost: Cost per cubic yard of feed is determined by 
[Y CW, patie el: 


The total cost per cubic yard must then be multiplied by 
total yearly amount of feed handled by sluices. This product 
is subsequently entered in the appropriate row of the tabula- 
tion shown in figure 6 for final operating cost calculation. 
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PROCESSING—SPIRAL CONCENTRATORS 


Operating Cost Equations: These equations provide 
the cost of gravity separation using spiral concentrators. 
Costs are reported in dollars per cubic yard of feed and in- 
clude the operating cost of the spirals and slurry splitters 
only. The equations are applied to the following variable: 


X = Maximum cubic yards of feed handled hourly 
by spiral concentrators. 


The base equations assume the following: 


1. Rougher service. 4. Slurry density, 10% 
2. Solids per start, 1.75 solids. 

st/h. 5. Gravity feed. 
3. Feed solids, 3,400 

lb/yd’. 


Base Equations: 


Equipment operating cost... Y, = $0.0007/yd° 
Labor operating cost ....... Y, = 0.755(X)-°-614 


Equipment operating costs consist entirely of parts. Labor 
operating costs consist entirely of operator labor, with the 
operator performing functions such as lining replacement. 


Cleaner-Scavenger Factor: If spirals are to be used 
for cleaning or scavenging, throughput is reduced. The 
following factors must be applied to respective operating 
costs: 


Equipment factor.......... C,= 
aborifactore:... 3)t.n ane C= 


Used Equipment Factor: Because spiral concentrators 
have no moving parts, they enjoy a long service life. 
Generally, only the liners require periodic replacement. For 
this reason, the operating costs asscociated with spirals are 
typically constant throughout the life of the machine. 


Total Cost: Cost per cubic yard of feed is determined by 
[0.0007(C,) + Y,(C,)). 


The total cost per cubic yard must then be multiplied by 
the total yearly amount of feed handled by spiral concen- 
trators. This product is subsequently entered in the ap- 
propriate row of the tabulation shown in figure 6 for final 
operating cost calculation. 


OPERATING COST, doltare per cubic yard of feed treated 
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PROCESSING—TABLE CONCENTRATORS 


Operating Cost Equations: These equations provide 
the cost of gravity separation using table concentrators. 
Costs are reported in dollars per cubic yard of feed and in- 
clude the operating cost of the tables and associated drive 
motors. The equations are applied to the following variable: 


X = Maximum cubic yards of feed handled hourly 
by table concentrators. 


The base equations assume the following: 
3. Slurry density, 25% 


solids. 
4. Gravity feed. 


1. Cleaner service. 
2. Feed solids, 3,400 
lb/yd*. 


Base Equations: 


1.326(X)-9 443 


Equipment operating cost... Yp 
1.399(X)-0.783 


Labor operating cost ....... Y, 


Equipment operating costs consist of 87% parts, 7% elec- 
tricity, and 6% lubrication. Labor operating costs consist 
of 67% operator labor and 33% repair labor. 


Rougher-Coarse Factor: If the tables are to be used 
for rougher service or a coarse feed, higher productivity will 
be realized. To compensate for this situation, the following 
factors must be applied to both equipment and labor 
operating costs: 


Equipment factor.......... R, = 
Labor: factored 2: io Scie: oe R, = 


Used Equipment Factor: If table concentrators with 
over 10,000 h of service life are to be used, the following 
factors must be applied to the respective operating costs to 
account for increased maintenance and repair requirements: 


Equipment factor.......... US 21a 
Labor factor’= 7822 Jn oe U, ecdtiziggnee” 


Total Cost: Cost per cubic yard of feed is determined by 
[Y AR.XU,)+ Y)(R,XU))). 


The total cost per cubic yard must then be multiplied by 
the total yearly amount of feed handled by table concen- 
trators. This product is subsequently entered in the ap- 
propriate row of the tabulation shown in figure 6 for final 
operating cost calculation. 
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PROCESSING—TAILINGS REMOVAL—BULLDOZERS 


Operating Cost Equations: These equations provide 
the cost of removing and relocating tailings using 
bulldozers. Costs are reported in dollars per cubic yard of 
tailings moved. The equations are applied to the following 
variable: 


X = Maximum loose cubic yards of pay gravel, 
overburden, and tails moved hourly by 
bulldozer. 


The base equations assume the following: 


1. Efficiency, 50 min/h. 3. Average operator 
2. Dozing distance, 300 ability. 
ft. 4. Nearly level gradient. 


Base Equations: 


0.993(X)-0.430 
14.01(X)-0.%5 


Equipment operating cost... Y, 
Labor operating cost....... NY; 


Equipment operating costs average 47% parts, and 53% fuel 
and lubrication. Labor operating costs average 86% operator 
labor and 14% repair labor. 


Distance Factor: If average dozing distance is other 
than 300 ft, the factor obtained from the following equa- 
tion must be applied to total cost per loose cubic yard: 


Fp=0.00581(distance?.™. 


Gradient Factor: If average gradient is other than 
level, the factor obtained from the following equation must 
be applied to total cost per loose cubic yard: 


Fo= 1.041¢10.01Spercent gradient)] 


Used Equipment Factor: These factors account for 
added operating expenses accrued by equipment having 
over 10,000 h of previous service life. The respective equip- 
ment and labor portions of the base operating costs must 
be multiplied by factors obtained from the following 
equations: 


Equipment factor.......... U,=1.206(X)-0.013 
baboifactoreder Sector: 1! : U,=0.967(X)?.015 


Total Cost: Cost per cubic yard of tailings is deter- 
mined by 


([Y-(U,) + Y,(U)] xFpxFe. 


The total cost per cubic yard must then be multiplied by 
the total yearly amount of tailings moved by bulldozer. This 
product is subsequently entered in the appropriate row of 
the tabulation shown in figure 6 for final operating cost 
calculation. 


OPERATING COST, dol!are per |ooee cubic yard 
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PROCESSING—TAILINGS REMOVAL—DRAGLINES 


Operating Cost Equations: These equations provide 
the cost of removing and relocating tailings using draglines. 
Costs are reported in dollars per cubic yard of tailings 
moved. The equations are applied to the following variable: 


X = Maximum loose cubic yards of pay gravel, 
overburden, and tails moved hourly by 
dragline. 


The base equations assume the following: 


1. Bucket efficiency, 3. Swing angle, 90°. 
0.90. 4. Average operator 


2. Full hoist. ability. 


Base Equations: 


1.984(X)-0.390 
=~ 12.19(X)-0.888 


Equipment operating cost... Yr 
Labor operating cost ....... 


< 
\ 


Equipment operating costs consist of 67% parts, 33% fuel 
and lubrication. Labor operating costs consist of 78% 
operator labor and 22% repair labor. 


Swing Angle Factor: If average swing angle is other 
than 90°, the factor obtained from the following equation 
must be applied to total cost per loose cubic yard: 


F.=0.304(swing angle) 269. 


Used Equipment Factor: These factors account for 
added operating expenses accrued by equipment having 
over 10,000 h of previous service life. The respective equip- 
ment and labor portions of the base operating costs must 
be multiplied by factors obtained from the following 
equations: 


Equipment factor.......... U,=1.162(X)-0.017 
Labor factors. 32749) Se U,=0:989( X )0.006 


Total Cost: Cost per cubic yard of feed is determined by 
(Y-(U,) + Y,(U))] xFs. 


The total cost per cubic yard must then be multiplied by 
the total yearly amount of tailings moved by dragline. This 
product is subsequently entered in the appropriate row of 
the tabulation shown in figure 6 for final operating cost 
calculation. 


OPERATING COST, dolltare per !oose cubic yard 
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PROCESSING—TAILINGS REMOVAL—FRONT-END LOADERS 


Operating Cost Equations: These equations provide 
the cost of removing and relocating tailings using wheel- 
type front-end loaders. Costs are reported in dollars per 
cubic yard of tailings moved. The equations are applied to 
the following variable: } 


X = Maximum loose cubic yards of pay gravel, 
overburden, and tails moved hourly by 
front-end loader. 


The base equations assume the following: 


1. Haul distance, 500 ft. 3. Inconsistent operation. 
2. Rolling resistance, 2%, 4. Wheel-type loader. 
nearly level gradient. 


Base Equations: 


Equipment operating cost... Y, = 0.407(X)-0225 
Labor operating cost ....... Y, = 13.07(X)-0.936 


Equipment operating costs average 22% parts, 46% fuel and 
lubrication, and 32% tires. Labor operating costs average 
90% operator labor and 10% repair labor. 


Distance Factor: If average haul distance is other than 
500 ft, the factor obtained from the following equation must 
be applied to total cost per loose cubic yard: 


Fp=0.023(distance) 616, 


Gradient Factor: If total gradient (gradient plus roll- 
ing resistance) is other than 2%, the factor obtained from 
the following equation must be applied to total cost per loose 
cubic yard: 


Fo= 0.877 el0.046 percent gradient)] 


Used Equipment Factor: These factors account for 
added operating expenses accrued by equipment having 
over 10,000 h of previous service life. The respective equip- 
ment and labor portions of the base operating costs must 
be multiplied by factors obtained from the following 
equations: 


Equipment factor......... U,=1.162(X)-0.017 
POOL ABCNews >, & U,=0.989(X)0.006 


Track-Type Loader Factor: If track-type loaders are 
used, the following factors must be applied to total cost ob- 
tained from the base equations: 


Equipment factor ......... T,=1.378 
Labomdactor. .... <2. <-0--« T,=1.073 


Total Cost: Cost per cubic yard of tailings is determined 
by 


(Y(U.XT,)+ Y,(U,\XT))] x Fp x Re 
The total cost per cubic yard must then be multiplied by 


the total yearly amount of tailings moved by front-end 
loader. This product is subsequently entered in the ap- 
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propriate row of the tabulation shown in figure 6 for final 
operating cost calculation. 
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PROCESSING—TAILINGS REMOVAL—REAR-DUMP TRUCKS € 


Operating Cost Equations: These equations provide 
the cost of removing and relocating tailings using rear-dump 
trucks. Costs are reported in dollars per cubic yard of tail- 
ings moved. The equations are applied to the following 
variable: 


X = Maximum loose cubic yards of pay gravel, 
overburden. and tails moved hourly by rear- 
dump truck. 


The base equations assume the following: 


1. Haul distance, 4. Average operator 
2,500 ft. ability. 

2. Loader cycles to fill, 4. 5. Rolling resistance, 2%, 

3. Efficiency, 50 minsh. nearly level gradient. 


Base Equations: 


Equipment operating cost... Y, = 0.602(X)-°2% 
Labor operating cost ....... Y,, = 11.34(X)-0891 


Equipment operating costs consist of 28% parts, 58% fuel 
and lubrication, and 14% tires. Labor operating costs con- 
sist of 82% operator labor and 18% repair labor. 


Distance Factor: If average haul distance is other than 
2,500 ft, the factor obtained from the following equation 
must be applied to total cost per loose cubic yard: 


F,,=0.093\distance)? 3!!, 


Gradient Factor: If total gradient (gradient plus roll- 
ing resistance) is other than 2%, the factor obtained from 
the following equation must be applied to total cost per loose 
cubic yard: 


F, -= 0.907 el0.049 percent gradient), 


Used Equipment Factor: These factors account for 
added operating expenses accrued by equipment having 
over 10,000 h of previous service life. The respective equip- 
ment and labor portions of the base operating costs must 
be multiplied by factors obtained from the following 
equations: 


Equipment factor ......... U,=0.984(X 0.016 
Labortfactorucnw 8. 0SyTe 2 U, =0.943(X0 02! 


Total Cost: Cost per cubic vard of tailings is deter- 
mined by 


[YU)+Y,(U)] xFp xFe. 


The total cost per cubic yard must then be multiplied by 
the total yearly amount of tailings moved by truck. This 
product is subsequently entered in the appropriate row of 
the tabulation shown in figure 6 for final operating cost 
calculation. 


OPERATING COST, dollare per !oose cubic yard 
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PROCESSING—TAILINGS REMOVAL—SCRAPERS 


Operating Cost Equations: These equations provide 
the cost of removing and relocating tailings using scrapers. 
Costs are reported in dollars per cubic yard of tailings 
moved. The equations are applied to the following variable: 


X = Maximum loose cubic yards of pay gravel, over- 
burden, and tails moved hourly by scraper. 


The base curves assume the following: 


1. Standard scrapers. 4. Haul distance, 1,000 
2. Rolling resistance, 6%, ft. 

nearly level gradient. 5. Average operator 
3. Efficiency, 50 minh. ability. 


Base Equation: 


Equipment operating cost... Y; = 0.325(Xy?-210 
Labor operating cost ....... YJ= 1201K)° 


Equipment operating costs consist of 48% fuel and lubrica- 
tion, 34% tires, and 18% parts. Labor operating costs con- 
sist of 88% operator labor and 12% repair labor. 


Distance Factor: If average haul distance is other than 
1,000 ft, the factor obtained from the following equation 
must be applied to total cost per loose cubic yard: 


F, = 0.01947(distance)°5”’. 


Gradient Factor: If total gradient (gradient plus roll- 
ing resistance) is other than 6%, the factor obtained from 
the following equation must be applied to total cost per loose 
cubic yard: 


F, = 0.776e!0.047'percent gradient)) 


Used Equipment Factor: These factors account for 
added operating expenses accrued by equipment having 
over 10,000 h of previous service life. The respective equip- 
ment and labor portions of base operating costs must be 
multiplied by factors obtained from the following equations: 


Equipment factor.......... U, = 1.096(X)-0% 
aboraactor..... se. ee U, = 0.845(X)°™ 


Total Cost: Cost per cubic yard of tailings is determin- 
ed by 
(Y,(U,) + Y,(U,)] x Fp x Fe. 


The total cost per cubic yard must then be multiplied by 
total yearly amount of tailings moved by scraper. This 
product is subsequently entered in the appropriate row of 
the tabulation shown in figure 6 for final operating cost 
calculation. 


OPERATING COST, dollars per |oose cubic yard 
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PROCESSING—TROMMELS 


Operating Cost Equations: These equations provide 
the cost of processing gravel using trommels. Costs are 
reported in dollars per cubic yard of gravel handled. The 
equations are applied to the following variable: 


X = Maximum cubic vards of gravel processed 
hourly by trommels. 


The base equations assume the following: 


1. Trommels are sec- 2. Associated electric 
tioned for scrubbing motor operating costs 
and sizing. are included. 


Base Equations: 


Equipment capital cost..... Y,i= 0.207(K)°™ 
Labor operating cost ....... 0.129(X)4 


~ 
ee 
i 


Equipment operating costs average 63% parts, 26% elec- 
tricity, and 11% lubrication. Labor operating costs consist 
entirely of maintenance and repair labor. 


Used Equipment Factor: These factors account for 
added operating expenses accrued by equipment having 
over 10,000 h of previous service life. The respective equip- 
ment and labor portions of base operating costs must be 
multiplied by the following factors: 


Equipment factor.......... U a; 
LaborifactoragsnW4it,.. <2 2s Eel. 


Total Cost: Cost per cubic yard of gravel is determin- 

ed by 
(YU) + Y,(U)). 

The total cost per cubic yard must then be multiplied by 
the total yearly amount of gravel processed by trommels. 
This product is subsequently entered in the appropriate row 
of the tabulation shown in figure 6 for final operating cost 
calculation. 


do!tare per cubic yard of feed treated 
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PROCESSING—VIBRATING SCREENS 


Operating Cost Equations: These equations provide 
the cost of processing gravel using vibrating screens. Costs 
are reported in dollars per cubic yard of gravel handled. The 
equations are applied to the following variable: 


X = Maximum cubic yards of gravel processed 
hourly by vibrating screen. 


The base equations assume the following: 


1. An average of 0.624 2. Associated electric 
ft? of screen is re- motor operating costs 
quired for every cubic are included. 
yard of hourly 3. Feed solids, 3,120 
capacity. Ib/yd?. 

4. Gravity feed. 


Base Equations: 


Equipment operating cost... Y, = 0.104(X)-°46 
Labor operating cost ....... Yo= 0.106 X F097? 


Equipment operating costs average 73% parts, 19% elec- 
tricity, and 8% lubrication. Labor operating costs consist 
entirely of maintenance and repair labor. 


Capacity Factor: If anticipated screen capacity is other 
than 0.624 ft?/yd* hourly feed capacity, the respective 
operating costs must be multiplied by factors obtained from 
the following equations: 


poet) loa 


QD 
II 


and 


E20 Ce. 


QO 
I 


where C = anticipated capacity in equate feet of screen per 
cubic yard of hourly feed. 


Used Equipment Factor: These factors account for 
added operating expenses accrued by equipment having 
over 10,000 h of previous service life. The respective equip- 
ment and labor portions of base operating costs must be 
multiplied by the following factors: 


Equipment factor.......... U 
LADOLAACUDT foals an nee U 


Total Cost: Cost per cubic yard of gravel is deter- 

mined by 
[Y(C.xU,) + Y (CU). 

The total cost per cubic yard must then be multiplied by 
the total yearly amount of gravel processed by the vibrating 
screen. This product is subsequently entered in the ap- 
propriate row of the tabulation shown in figure 6 for final 
operating cost calculation. 
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SUPPLEMENTAL—EMPLOYEE HOUSING 


Operating Cost Equation: This equation furnishes the 
operating cost associated with providing housing for 
workers at the minesite. Costs are reported in dollars per 
loose cubic yard of overburden and pay gravel. Expenses 
for food, supplies, water, heat, and electricity are all taken 
into account. .The equation is applied to the following 
variable: 


X = Average loose cubic yards of overburden and 
pay gravel handled hourly. 


The base equation assumes the following: 
1. Shift, 10 h. 


Base Equation: 
Supply operating cost... Y, = 1.445(X)-°583 


Supply operating costs average 95% industrial materials 
and 5% fuel. 


Food Allowance Factor: If workers are to pay for food 
and supplies out of their own pockets, the cost calculated 
from the above equation must be multiplied by the follow- 
ing factor: 


F, = 0.048. 


Workforce Factor: The equation used to compute labor 
for operating cost estimation is 


Workforce = 0.822(X)° 415. 


If the workforce for the operation under evaluation is 
known, and is different than that calculated from the above 
equation, the correct cost can be obtained from the follow- 
ing equation: 

et (Number of workers) x $17.85 


. Cubic yards of overburden and pay gravel 
handled daily 


Ss 


Total Cost: Cost per loose cubic yard is determined by 
Y, x F,. 


The total cost per loose cubic yard must then be multiplied 
by the total yearly amount of overburden and pay gravel 
handled. This product is subsequently entered in the ap- 
propriate row of the tabulation shown in figure 6 for final 
operating cost calculation. 


OPERATING COST, doliare per |ooee cic yard 
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@ : SUPPLEMENTAL—GENERATORS 


Operating Cost: Operating costs of diesel generators 
are accounted for in the electrical portions of the other 
equipment operating costs. By so doing, operating costs of 
the generators are tied directly to size and type of equip- 
ment used. 

The electrical portions of operating cost curves will also 





account for the expense of electricity brought in through 
transmission lines if diesel generators are not used. This 
is at best an approximation. However, costs assigned in this 
manner are typically more representative than costs 
calculated by trying to estimate the total power consump- 
tion of an operation. : 


74 OPERATING COSTS 


SUPPLEMENTAL—LOST TIME AND GENERAL SERVICES 


Operating Cost Equations: These equations account 
for costs not directly related to production. Costs are 
reported in dollars per cubic yard. Items in this section 


include: 


L Equipment downtime. 
a. Productivity lost by the entire crew due to 
breakdown of key pieces of equipment. 
b. Productivity lost by individual operators due to 
breakdown of single pieces of equipment. 
c. Labor charges of outside maintenance personnel. 
d. Wash plant relocation. 


2. Site maintenance. 

. Road maintenance. 

. Stream diversion. 

. Drainage ditch construction and maintenance. 

. Site cleanup. 

. Reclamation grading and recontouring. 
Settling pond maintenance. 


>A AO oD 


3. Concentrate refinement. 
a. Time spent recovering valuable minerals from mill 
concentrates by panning, mechanical separation, or 
amalgamation. 


The equations are applied to the following variable: 


X = Maximum cubic yards of feed handled hourly 
by mill. 


Base Equations: 


0.142(X)°0 


Equipment operating cost... Y, 
20d Wate 


Labor operating cost ....... Y, = 
Equipment operating costs average 53% fuel and lubrica- 
tion and 47% equipment parts. Labor operating costs con- 
sist of 91% operator labor and 9% maintenance and repair 
labor. 


Total Cost: Cost per cubic yard is determined by 
Tacha 


The total cost per cubic yard must then be multiplied by 
the total yearly amount of overburden, pay gravel, and tail- 
ings handled. This product is subsequently entered in the 
appropriate row of the tabulation shown in figure 6 for final 
operating cost calculation. 


OPERATING COST, dollare per |oose cubic yard 
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SUPPLEMENTAL—PUMPS 


Operating Cost Equations: These equations provide 
the cost of transporting and providing water using cen- 
trifugal pumps. Costs are reported in dollars per hour of 
pump use. If more than one pump is used in the operation, 
a separate cost must be calculated for each. The equations 
are applied to the following variable: 


X = Maximum gallons of water required per 
minute. 


The base equations assume the following: 


1. Total head, 285 ft. 3. Abrasion-resistant 
2. Diesel-powered pumps. steel construction. 
4. Total engine-pump ef- 
ficiency, 60%. 


Base Equations: 


Equipment operating cost... Y, = 0.007(X)°7!8 
Labor operating cost ....... Y, = 0.004(X)?86 


Equipment operating costs average 59% fuel and lubrica- 
tion, and 41% parts. Labor operating costs consist of 82% 
operator labor and 18% maintenance and repair labor. 
(Operator labor includes pipeline work.) — 


Head Factor: If total pumping head is other than 25 
ft, factors calculated from the following equations will cor- 
rect for changes in equipment and labor operating costs. 
The product of these factors and the original costs will pro- 
vide the appropriate figures: 


H, = 0.091(H)°."=, 
and 
H, = 0.054(H)°89 
where H = total pumping head. 


Used Equipment Factor: These factors account for 
added operating expenses accrued by equipment having 
over 10,000 h of previous service life. The respective equip- 
ment and labor portions of base operating costs must be 
multiplied by the following factors: 


Equipment factor.......... U, = 1.096 
DQUOTMACLO as 5. Si 1555 ee U,= 


Total Cost: Cost per hour is determined by 
(Y (H.XU,)] + [Y,CA,XU))). 
The total cost per hour must then be multiplied by the an- 
ticipated hours per year of pump use. This product is subse- 


quently entered in the appropriate row of the tabulation 
shown in figure 6 for final operating cost calculation. 


OPERATING COST, doltares per hour 
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SCTADOES ci thers ce-sreestengetestanee iste sieend 663 os a 0 OS Oe ORS Aw ols eek ete oe 
Processing equipment: 
CONVOYS erento eerste es Des ee oe ees oe lee ay Bhae 
Feed NOD0OIS oa nos epee SEE © 2 a OTs Oe wie sane Rat el ne ee eee 
Jig concentrators. <<... 6.5... qawsls dere ae}... 2 es genie See bar ee 
ShuiCeSascrn os vats aise. s ita sieerenred isis je oo ons ss eS ay tnbirni- ieee © 
Spiral. concentrators . 2.2.2.5 cw ccc ewe c aces aes oa Role wire. Dole oms 
Table concentrators 2.5. ccc cciceessdscens hence aatuse cs sdels ¢apee 
Trommelsisd 0: sha -follaeiagseehiabieis +0 s/s satelae Ome oe wa Sale ates oe 
Vibrating SCrEeNS.... 21. cic cele scence cess 0 ae fees eae GP Salas 
Supplemental: 
Buildings... cece cae s cians cenccencssncmene « <iihhe Sesliaeret Oaen 
COMP ooo ee eels whe ceeds eccie ce ein we one oes re cee Aer eee See 


PUMPS os Jacsin aes id hele ced tk pie we we ST el te eee ele 
Settlinguponcigw: i. 5 Xa LEAR Adee to soa Fabio eva oe ow eae can oe 
Sublotall asic... «.cssjvie cars Pear Mhlagetbd sre c's 0:51 sia a's. wie.ays ora wie iw. cies al ety wae 


Total wits scarce SAT Feel wn Le se svc ale ele © thw Oe Ww pielore 


Figure 5.—Capital cost summary form. 





OPERATING COST SUMMARY FORM 
Item Annual cost 


Overburden removal: 
Bulldozersias, M.7, QUI. ALE, SR S.C SR? $ 
Draglines . 22803 Sle Poneg 241, OREO... Ray PR er ote, 
FrOmrcmena WONGOlS co eee treo Sree Catan PER ee ee ee OS 
FRGMI-CUITIP LTUCKS . 6 ox ccc vc ccce sale y acs © SaMete SMe Oibah ia sities ew, « 
SCIBDOTS on ie a wien as wk pasine os ose «0 SERRE RY fF TEMEORM 1aaners 
Mining: 
BACKHOOS © 56 0/0 de cea s,s w.0 y cnle aye obs thea «+s < EAL boar dicing: . oss « 


DTAQuneGie Pe eGVae <i i ce ce ne as RE BOWIE. Ba) traenisl. 
SIAN JODOOTS crete 5 ah isles orca) sys weiss stews code a wie Ssla5 4 add noe wis 
RGarcump ITuCKSiian. os 0 cose e es Risk Cr eras Sesceeeaaea sone es 
SCIADOlG Fauve sa ste oem eh os Wie fale sie) so o:o 5 EM sn ek ee sie ss 
Processing: 
CONV OVOS oie c ola hd 5 oes aic)oh a 2 ane 6:5 j0'm os ee Rte GREER « 0's 80 we ana ase 
Beed NOPHELS oon ee ess cae was ose sons Os BAO. ateye ind beaass,. «ss 
Bignconcentrators 26 oe SS oc ce ess se RE GOO ee cc ee we 
CMC OG re cataracts ee ian ors oie as seers oe pate oiiiecs ce a se 9 aps GcRw as Clee Baie. 5 
PPULBULCOMCOIMEALOLGET: 5...c i. dass outs fs eis ieie cpa cas a ele e o bk ob Goes Ge ee 
TAUIG-CONCONIIAIOTS «ic sn scroll aim iw eh aie pes ovis df Se pew 
Tailings removal: 
BUINCOZOIG Foe ais os ok xg, 4 50:0 wiaiiciase)s scan On AIOE « BMD Lele Utes asain'w: cells) ahs 
DTRUTIOG oar eie an a oles os a Rieke nies aint = ESE SEY SLU Mes cee oe 6 
PIONGend loadere.g oo. ooscas ee ce ae 2.0 0's » a ee 5 Me ee oe ws 
Mesrdump trucks oo. oes sca ss. fs Elmer Hee. S66 Segave. sss 
WOLADO(SS 5 co airs cib Mikes, be 4s amin viv Saal ER ty Ce I had is e's & 
PR COUNTING os aoa a oo ioe winced ane ois ola'e's «6s BM VetaReDp Bios. Heats... 
Vibrating Screens 2.66. cs dane ees os oes COREE Meien. SG-ua.  ; - 
Supplemental: 
EMDIOVEeNOUSING Faas ce res eon re oe vacaie oo, wae wd Hie ob eae 
Lost time and general services.............. cece eee cee nee e teenies 
PADS wen: 2 Aa ale veo aid o 4.6 avi bse do wiles orate satan dye Titouns 
SUDO AL ete aii ek ers dae hoes eeien ale AS Oy eoemteert lom. wont 
Contingencyilt0%),, 6 die sas ow oh whe alee GOR Goer ete dew) heath. s 
ROCMIR TA, 6 ois cos ov ccc ev aw Wie wirale & «OOM ae» «6 as 3 


Cost per cubic yard pay gravel = total annual cost divided by pay gravel mined per year. 


Final cost per cubiciyard’payoravelim Siew. He fees. SPIRES ww cc cee nee 


Figure 6.—Operating cost summary form. 
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APPENDIX.—EXAMPLE OF COST ESTIMATE 


General: 
150 operating d/a. 
10 h/shift. 
100-LCY/h pay gravel capacity. 
2.5-LCY stripping ratio. 
150,000 LCY/a pay gravel mined. 


375,000 LCY/a overburden removed. 


Workers live on site. 


Exploration: 
20 worker-days reconnaissance. 
1,400 ft churn drilling. 
2,000 yd? trenching 
1,200 samples panned. 
8 h helicopter time. 


180 worker-days camp requirements. 


Development: 
4-mile access road. 
20% side slope. 
Forested. 

22 ft wide. 
Ungraveled. 

6 acres cleared. 
Forested. 

10% side slope. 


Overburden removal: 
Excavated and hauled by 1 scraper. 
250-LCY/h production capacity. 
330,000 LCY prior to production. 
3,000-ft average haul distance. 
+8% average haul gradient. 


SAMPLE ESTIMATION 
Parameters 


Mining: 
Excavation by 1 backhoe. 
Hauled by 2 front-end loaders. 
100-LCY/h production capacity. 
Medium-hard digging. 
800-ft average haul length. 
+6% average haul gradient. 


Mine equipment: 
1 new backhoe. 
1 used bulldozer. 
2 new front-end loaders. 
1 used scraper. 


Milling (jig plant, see figure A-1): 
Feeder, 100 LCY/h. 
Trommel, 100 LCY/h. 
Rougher jig, 20 yd*/n. 
Cleaner jigs, 2 at 5 yd‘/h. 
Final jig, 0.2 yd*/h. 
Scavenger sluice, 50 yd*/h. 
Scavenger sluice, 20 yd*/h. 
Conveyor, 70 yd*/h, 40 ft. 


Tailings placement: 
Transported using 1 bulldozer. 
100-LCY/h production capacity. 
400-ft average haul length. 
—8% average gradient. 


Escalation Factors (January to July 1985) 


Uaborn ek arse on i. nee 


Steeler waren one Weee. fs ees 


HPAP Osi oS tsa Nak ok an, sat 


HOLE CUTICICY cs pisfenesise we eee 
Industrial materials ........ 


sich a eee EMRE, osm... BF 11.98/11.69 = 1.025 
Mi ORR Phot oot tity eee 362.3/360.4 = 1.005 
RP Rs ee ae re 354.6/357.4 = 0.992 
oD Se REE cs BOL. es. 354.9/343.2 = 1.034 
es Ae, 630.7/636.2 =0.991 
Pe me Se ae a oe 246.0/262.0 = 0.939 
AS win oetio: Ae A yt 363.63/358.32 = 1.015 
Te ie ES wind do Sate as 540.3/524.9 = 1.029 
ea Ee Cy 324.3/323.2 = 1.003 
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Oversize 
(25 yd3/h) 


Waste 


Waste 


Conveyor 


Minus 0.5 in 
(50 yd3/h) 


Concentrate 
(0.01 yd?/h) 


Front-end loader 


Mine-run gravel 
(100 yd3/h) 


Feed hopper 

















Minus 0.25 in 
(20 yd3/h) 


Rougher jig 


Concentrate 
(5 yd?/h) 


Cleaner jig 


Concentrate 
(0.1 yd3/h) 


Concentrate 
(0.03 yd3/h) 


Panning 


Gold product 


Figure A-1—Sample flow sheet. 


Waste 
(20 yd3/h) 


Concentrate 
(0.01 yd3/h) 





Minus 0.125 in 
(5 yd3/h) 


Cleaner jig 


Concentrate 
(0.1 yd3/h) 
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sy) CAPITAL COSTS 


Exploration (p. 20) 


Reconnaissance .............. 20 worker-days x $195/worker-day = $3,900 
oy eye hig.ce aby UNE aye tn Arana a RH | RE Re a Ge 1,400 ft x $45/ft = 63,000 
MVOnCHING 94s oo e523 es ose ee ee 2,000 yd* x $7.10/yd° = 14,200 
OEE ee Oe a 1,200 samples x $2.10/sample = 2,520 
Halicoptercy . «=. csi cee ss 0 QROME BADER. 8h x $395h = 3,160 
CAIDD Fs att ahs ae eee 180 worker-days x $30/worker-day = 5,400 
Exploration capital cost = $92,180,x 1.025 (labor) agi iT. me. ER ee eee $94,485 
Access roads (p. 22) 
22-ft wide 
4 miles long 
20% side slope 
Forested 
600 ft blasting 
IBGSO COSC S. as Suho oe ap <b <a -fD SA sg « Yo= 765.65(22)°922, = $13,236/mile 
JAN) @ 1 © loathe a ame Ran a A $13,236 x 0.68 x 1.025 = $9,225 
arise ce res is ve he eas od eee $13,236 x 0.13 x 1.005 = 1,729 
1 GROUT 2 entre anette! lng a rr ee Be PRR aI $13,236 x 0.16 x 0.991 = 2,099 
SW ge tee TAPE earn ee eee $13,236 x 0.03 x 0.939 = 373 
@ $13,426/mile 
) 
DOPGHMACLOPLM rate ao Laas tan ens Fp = 2.000(22)-9.°79 = 1.567 
Side slopevfactonnce .c CBRO4 AO. LET... Fs = 0.633e!9-02120] = 0.963 
Blasting factor............ Fy = [12,059.18(22)"-5%4] x (600/5,280) = 7,140 
Access road capital cost = [($13,426 x 1.567 x 0.963 x 4] + 7,140..................000-. $88,180 
Clearing (p. 23) 
6 acres 
10% side slope 
Forested 
Basencost ction. ceatartels.. cc seen cee Yo = 1,043.61(6)°913 = $5,358 
Labore semiie! cout .e. @14,20%.+. 51.5) $5,358 x 0.68 x 1.025 = $3,735 
PAT GM eee ay sor ws ene Serie $5,358 x 0.12 x 0.991 = 637 
UY 4 2) OURS ghee eae Ak Pec aa eed cae Ter $5,358 x 0.18 x 1.006 = 970 
Bat ee Ma 5, ire a's, «an sl a $5,358 x 0.02 x 0.992 = 106 
$5,448 
Rio pe aclOn ness coy s. tees ee ae Fy = 0.942el0.008101 = 1.020 
Wpresti factor foe. oos ccs ons: 4 3) op aS a eR EO, Petes Fp = 1.750 
Clearing, capital. cost = [$5,448 x 1020 x METSOlp aie pe ote. «abs PU ees ce cgi e ede eye $9,725 
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Preproduction overburden removal (p. 24) @ 
30,000 LCY 
250 LCY/h 
3,000-ft haul 
+8% haul gradient plus rolling resistance 
Used scraper 
Equipment cost ................. OBA vcs Yp = 0.325(250)-9720 = $0.102/LCY 
Parts ic povics Seis aoe eee eee $0.102 x 0.18 x 1.005 = $0.018 
Fuel and lubrication...... oe OURS 25: $0.102 x 0.48 x 0.991 = 0.049 
TiTO6 i ee a ie ee ee eee $0.102 x 0.34 x 0.939 = 0.033 
$0.100/LCY 
Labor cost/222240n hice ae eee Y, = 12.01(250)-°99% = $0.071/LCY 
Labor *.. 6 tcl See Wee eee ee ae $0.071 x 1.00 x 1.025 = $0.073/LCY 
Distance factor)... "ce eee eee Fp, = 0.01947(3,000)°577 = 1.975 
Gradient factor’)037.).07. 0 bt eee Fg = 0.776e0-478] = 1.130 
Used ‘equipment’... 2.62504... bate U, = 1.096(250)-9-6 = 1.060 
U, = 0.845(250°-°% = 1.019 


Overburden removal capital cost = [($0.100 x 1.060) + ($0.073 x 1.019)] x 1.975 x 1.130 x 
000 


OR 26 6 6 646626 OS 4 OE FO ee Pt 2. tO 8 0 eRe wees ee Ses le Se Ghee OCS Eee Se @ Bae ieee) Sls) eiiel.6 &) tele e e tela 


$12,077 


Mine equipment—backhoes (p. 29) 
100 LCYh é 
80% maximum digging depth 
Medium-hard digging 


Base-costwnovwews oc. c i edeausenes- Yo = 84,132.01¢!0.003501100)] = $119,389 
Equipment 6 2h ce; oa yo aeat eee $119,389 x 1.00 x 1.005 = $119,986 


Digging depth factor ..................... Fp = 0.04484(80)9799 = 1.429 
Digging difficulty factor’ .<°%.i, 5.250 44000. se ee Fy = 1.556 


Backhoe capital cost = ($119,986 x 1.429 x 1.556)... 0... ccc ec cc ewe cece ccc wcccce $266,792 


Mine equipment—bulldozers (p. 30) 


100 LCY/h 

400-ft average haul distance 
—8% average haul gradient 
Used equipment 


Base cost... 21d uo ms en dnck Poe Yo = 3,555.96(100)9-5% = $145,531 

Equipment 2.0.3) .v2e.o3602 Geen $145,531.00 x 1.00 x 1.005 = $146,259 
Distance factor ..1c: 25-5 Oe ih ae eee F,, = 0.01549400)9-732, = 1.244 
Gradient factor ...........cscserevevecees Fo = 1.041e001K-8) = 9.993 
Used equipment factor .....0..4..00.5.0P Se ee ee Fy = 0.411 


Bulldozer capital cost = ($146,259 « 1.244 « 0.923 5 0.411) ee $69,022 ¢ 


Mine equipment-—front-end loaders (p. 32) 


100 LCYh 

Two machines, 50 vd**h each 

800-ft average haul 

+6% haul gradient plus rolling resistance 


Base COSC ee cas eal fle ee ag ee Yo = 2,711.1050)°8% 

Equipment a. < 32036 esa goa epi a $90,245 x 1.00 x 1.005 
TretanseaAClors. a. fic ois oe otc eo F, = 0.033(800)°-552 
Gradient actor 16 e. e hee nc 5 cee F = 0.888e!0-041'6)] 


Front-end loader capital cost = (2 x $90,696 x 1.321 x 1.136) 


Mine equipment-—scrapers (p. 34) 


250 LCY/h 

3,000-ft average haul 

+8% haul gradient plus rolling resistance 
Used equipment 


Famer cotta. ess asad wan nceenpe s 5 Yo = 1,744.42(250)°°% 
Equipment..............+---+-++- = $302,919 x 1.00 x 1.005 
Distance factor .............20eeee ee eee Fp = 0.025(3,000)°-599 
©) feradient factor mes). rise os eviecal cases Fy = 0.776208) 
Used equipment factor .......--.--- 2-22 seer eet eee terete Fy 

Scraper capital cost = ($304,434 x 1.871 x 1, TOO TOW Mim fas 5 oe arsine estes 


Processing equipment—conveyors (p. 35) 


70 yd*/h 

40 ft long 

cc ocic ayaa Me ain sameeren cise Yo = 4,728.36(70)°287 
Equipment price ..........---+-+-++++- $16,005 x 0.89 x 1.005 
Installation labor ..............--++-- $16,005 x 0.08 x 1.025 
Construction materials..........-..--- $16,005 x 0.03 x 1.015 


Conveyor capital cost = ($14,316 + $1,312 + Oe ORS as ea mins em eee Sm es 


Processing equipment—feed hoppers (p. 36) 


100 yd?/h 

enemrontve ©. oo) 4G sos Seno eee oe Yo = 458.48(100)0-470 
Equipment price ........----+-+-+++-+5 $3,993 x 0.82 x 1.005 
Installation labor .........--.-smmm-+--> $3,993 x 0.14 x 1.025 
Bae eee a dak Sako css «hs ava is aa eee $3,993 x 0.04 x 0.992 


aah et? a et el oh ein Skee eae Se ee eS Se 


$90,245 


$16,005 


$14,316 
1,312 
487 
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$272,207 


$16,115 
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Processing equipment—rougher jig (p. 37) 


20 yd*/h 
Base cost 260.2. bo ote a ee Yo = 6,403.82(20595 = $38,067 
Equipment price: ...- - 2. 4. .-seeacen-e $38,067 x 0.62 x 1005 = $23,720 
Installation labor ............. Lah-AOS $38,067 x 0.12 x 1.025 = 4,682 
Construction materials................ $38,067 x 0.26 x 1.015 = 10,046 
Rougher: factor. nc icwie e026 05 2c en hee 1) + ~ ee Se. ce eR ee Be FR a 0.531 
Rougher jig capital cost = [($23,720 + $4,682 + $10,046) x 0.531] .................--.55. 
Processing equipment—cleaner jigs (p. 37) 
2 at 5 yd*/h 
MSO COGE foc: ic cds cae eee mace pe ae Aes Yo = 6,403.82(5°-59 = $16,685 
Equipment price ..............-.-.--- $16,685 x 0.62 x 1.005 = $10,396 
Installation labor ...................-. $16,685 x 0.12 x 1025 = 2,052 
Construction materials................ $16,685 x 0.26 x 1015 = 4,403 
Cleaner jigs capital cost = [$10,396 + $2,052 + $4,403) x 2]............ cece eee eee eee 
Processing equipment-—final jig (p. 37) 
0.2 yd*/h 
BASS COS P REV 6 oon sin 5k bia ween we me Yo = 6,403.82(0.2-59 = $2,458 
Equipment price ....................-.. $2,458 x 0.62 x 1008 = $1,532 
Installation labor ..................... $2,458 x 0.12 x 1.025 = 302 
Construction materials................. $2,458 x 0.26 x 1.015 = 649 
Final jig capital cost = ($1,532 + $302 + $649)... 0... cece cece eee cece 
Processing equipment—sluice (p. 38) 
50 yd*/h 
Base COSt es cote conte aera eee ae Yo = 113.5750? = $1,044 
Construction labor: 0 ak 6 a ee ee $1,044 x 0.61 x 1.025 = $653 
Construction materials................. $1,044 x 0.39 x 1015 = 413 
Sluice capital cost = ($653 + $413) 2. ...5....6 202 1s ons Ses een PEN, Shee 
Processing equipment—sluice (p. 38) 
20 yd/h 
BaseCost Des ton.) anes so 34 gene as 8 Yo = 113.57(20)°567 = $621 
Constriction labor © Ay. tee. 7. ..5. a $621 x 0.61 x 1.025 = $388 
Construction materials-er coe... oc $621 x 0.39 x 1.015 = 246 


$20,416 


$33,702 


$2,483 


$1,066 


$634 
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0 | Processing equipmment—trommel (p. 41) 


100 LCY/h 
BagkelCOSt ee re ak hss. Re ae Yo = 7,176.21(100°°°9 = $94,166 
Equipment price.............-+. + BG @- $94,166 x 0.64 x 1.005 = $60,568 
Installation labor ......-....<..+-2be & $94,166 x 0.26 x 1.025 = 25,095 
Construction materials................ $94,166 x 0.10 x 1015 = 9,558 
Trommel capital cost = ($60,568 + $25,095 ~ $9,558).......... 6.6 eee eee eee eee $95,221 
Supplemental—main building (p. 43) 
1,680 ft? 
Cement floor 
Plumbing added 
Base cost -.eet oP OICE. oe oh kenge. Yo = 34.0%1,680°-°? = $28,707 
P.quipment eee ois i. on oie gees $28,707 x 0.25 x 1.005 = $7,213 
Construction labor ...............--:: $28,707 x 0.34 x 1.025 = 10,004 
Construction materials................ $28,707 x 0.41 x 1.015 = 11,946 
Cement floor factor.............000eeeees Fo = 1.035(1,680P-°% = 1.098 
Plumbing factor..............0eceeeeeees Fp = 1.013(1,680P-2 = 1.028 
r Main building capital cost = [($7,213 + $10,004 + $11,946) x 1.098 x T.OZ8Y>.) LeSeer, ~ $32,918 
Supplemental—sheds (p. 43) 
2 at 216 ft? each 
Basecoettr meas eee oe tse see eres Yo = 34.0216P = $4,467 
Equipment a crtgcjeonns Goa <= s+ see = - $4,467 x 0.25 x 1.005 = $1,122 
Construction labor ................ _... $4,467 x 0.34 x 1.025 = 1,557 
Construction materials..............--- $4,467 x 0.41 x 1.015 = 1,859 
Shed capital costs = [($1,122 + $1,557 + $1,859) x PANS une ose tects SOI: ten SAR at a Pa $9,076 
Supplemental—employee housing (p. 44) 
100 LCY/h pay gravel 
250 LCY/h overburden 
350 LCY/h total 
Used trailers 
SO IESTG ee eee ee ee Yo = 7,002.51(350)418 = $81,035 
PUCUSTRTONG ee: Gc bo ole aXe neo Sine © <a of $81,035 x 0.90 x 1.005 = $73,296 
Construction labor 22 0c. 6s es cs dso re $81,035 x 0.07 x 1.025 = 5,814 
Construction materials. ......-...%5s..4 $81,035 x 0.03 x 1.015 = 2,468 
Dee ETE er FAClON coo win os w sca Fie HERON ye SPE a pln o> fe whanaee Fu = 0.631 


Oo ) Employee housing capital cost = [($73,296 + $5,814 + $2,468) x 0.631] .............6-.-- $51,476 
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Supplemental—generators (p. 45) 


100-LC Yh mill feed 


Basé cost och A Se eee Yo = 1,382.65( 100) 604 
Equipment’. 2°9? ».0.0°.4.°..0'.5' 0,2 eee $22,321 x 0.75 x 1.005 
Construction labor ................... $22,321 x 0.19 x 1.025 
Construction materials................ $22,321 x 0.06 x 1.015 
Generator capital cost = ($16,824 + $4,347 + $1,359)..............0....0.00--2-2--22 5, 


Supplemental—pumps (p. 46) 


100-LCY/h mill feed 


80-ft head 
Water consumption (p. 47) = 94.089(100)°-546 = 1,163 gpm 
Base cost 4.313 (2! aces teehee Yo = 63.90% 1,163)-618 
Equipment’> '0PP" 2252255745424 5 See $5,013 x 0.70 x 1.005 
Installation labor ..................... $5,013 x 0.08 x 1.025 
Construction materials................. $5,013 x 0.22 x 1.015 
Head factor... 3605s 0s050< es 1 ME os Oe Fy = 0.125(80/-657 
Pump capital cost = [($3,527 + $411 + $1,120) x 2.0388) ..... 00. ccc cc ccc cc cece cece. 


Supplemental-settling ponds (p. 47) 


1,163 gpm 

Baseepar' #00. MO bs aos chy 28 yee ae is Yo = 3.982(1,163)-%2 
Construction labor .................... $3,300 x 0.75 x 1.025 
Fuel and lubrication................... $3,300 x 0.13 x 0.991 
Equipment parts...................... $3,300 x 0.12 x 1.005 


Settling pond capital cost = ($2,537 + $425 + $397)... 00... ecco ccc cece cccecccccecen 


$22,530 


CAPITAL COST SUMMARY FORM 


Item Cost 
Exploration: 
AI naCOSt 6. 6 Re tis 0 ee RASH diene Sim Ke ogres ke ENTE $ 
Mathodi2 Costiice MEIER bce ce ccc es eck we ase ee cede ewe ewes 94,485 
_Development: 
Access roads ....... SS Gk ih, ae reat ey 0 a oS 88,180 | 
COATING ols oo oe lees hee an ee hale wos 8 Perlrncieo terrae: 9,725 
Preproduction overburden removal: 
BUIGOZOrS & sake ete Gt Oe. Oe eens ste na 5G vee ole Sey cle ee ss 
Draglines ....5....- "spp ae SAG J° rap eG OR kane ee es 
Front-end loaders ...... 0. ccc ccc cet e cece eee eee ee ee eesenserenee 
Rear-dump trucks ........-2--- cee cee cece etter eee nent ee eenncneces 
SCPAPOTS oojs.si0ssesn ie see pa ears LM pee ee + gee + le Seer Y + + ° 12,077 
Mine equipment: 
Backhoes < « c.oc.cccce cease sectenas May Rr sw oro og * BES Bae eee oe es 266,792 
Bulldozers lle ee es ase ceases reece rece ert ee aoe e es 69,022 
Dr agres 2 ac iciee so iein oe Simos seek vie ye TREE es erp GRASS oot 
Front-end loaders .......-- ccc cece ee cere eee erent eee eeeeeretens 272,207 
Rear-dump truckS ..... 0.26 cece eee eet eects t een e net eeee er eeeees 
Scrapers cart 2 J. oe Be yo) - bdo ese isiainoe eee See ests 200,817 
Processing equipment: 
Conveyors . 6... ccc ccc cece eee e eee eee ene eee eeeeeeeeeeeseesccees 16,115 
Feed hoppers ........ 0. ccc cece cece eee ee ee ee eeee ee eeeseeeees 4,022 
Jig concentrators . 1.0... cere ete eee e eect eee e tena eetenes 56,601 
BCS hE ln ee cece es cree rcewesaeressesecceesssersenee 1,700 
Spiral concentrators... 1.2... eee eee eect eee cence eee eeeeeeeeres 
Table concentrators ... 2... eee eee eter ene ene e ee eeees 
PE PCSITAETIGES Fc os en eons Ge eee eae) « a eels mets SIs) go Sich ein My ahwie & Ae wee 95,221 
Vibrating screens .. 12... eee eee eee erence n eee e teen cess 
Supplemental: 
BUGIS yi aie lean es eee ne Come Meine ss ie seas} A te 41,994 
CRD en ee ee ee ere etree sc oo 9 ere Nie 8 BE aioe 51,476 
Generators 2022 bbs ee ere ee he ce meee seas cs cee we se ene ras 22,530 
PUMPS seer c Pek Se ee mets eels caters soos auc s Sater 92 5425 ¢ 10,308 
Settling ponds .......... 0c cece erect eee eee tenn ener eeeeee ee erees 3,360 
Subtotal ie ee ah eae Sale wend ol gls cle crete ave pina sie acaba sjereiens ase 7s 1,316,632 
Contingency (10%) ......... ccc cece eee cece eee e eee eee ee seneseeeeeees 131,663 
ROCA its octet EKER. x SE gett) RET oUt Nessa aie: cals Spciisl € 4's 40a! S16 1,448,295 


Figure A-2.—Capital cost summary form completed for example estimation. 
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OPERATING COSTS 


Overburden removal—scrapers (p. 52) 


250 LCYh 

3,000-ft average hau! distance 

+8% average haul gradient plus rolling resistance 
Used equipment 


Equipment <2). $0.9) 001.) te en Ye = 0.325250)-9210 = g9102LCY 
Parts P3N:00'. 4.03 es Gee ee $0.102 x 0.18 x 1.005 = $0.018 
Fuel and lubrication................... $0.102 x 0.48 x 0.991 = 0.049 
Tires -cmvents!-peaaree. Ge. SBD. knae cs, $0.102 x 0.34 x 0939 = 0.033 
$0.100 
Labor’ 220%... . BESOOS. nein ekeeee Y, = 12.01(250)-°999 = ¢0071/LCY 
RDO oi hes oe ee ae ns ee ee $0.071 x 1.00 x 1025 = $0,073 
Distance factor ....................... Fp = 0.01947(3,0009577 = 1.975 
Gradient factor .}TE008 sss essere eee Fo = 0.776e!0.0478))  _ 1.130 
Used equipment factor ................... U, = 1.096(250)-9.006 = 1.060 
b, = 0.845(25099% = 1019 
Overburden removal cost ..................... ((0.100 x 1.060) + (0.073 x 1.019)) x 1.975 x 1.130 = $0.403/LCY 
Annual scraper operating cost = $0.403/LCY x LEAUL | a © Ap) ened Aphid Bane ct ye ar ebenptomes > $151,125 
Mining—backhoes (p. 53) 
Pay gravel excavation 
100 LCYh 
80% maximum digging depth 
Medium-hard digging difficulty 
Equipment... 3.4 -nam aee..--.......-. 0 Ye = 8.360(100)-1919 = = gg o77/LCY 
Parte esse SO, (tee A BOOTT En OER TIS Te $0.029 
Fuel and lubrication................... $0.077 x 0.62 x 0.991 = 0.047 
$0.076 
Pabor ie w/c. t. tease. Jeeta ae eee Yy = 17.5100)" = $0 .168/LCY 
Labor is/.2 danagin MS, ce ahr ee $0.168 x 1.00 x 1.025 = $0.172 
Digging depth factor..................... Fp = 0.09194(80)0-608 — 1.320 
Digging difficulty factor .. dy i oe ee Fy = 1.500 


Backhoe mining cost = [(0.076 + 0.172)] x 1.320 x 1.500 = $0.491/LCY 
Annual backhoe operating cost = $0.491/LCY x 150,000 LOY/a.. faa, ret eee $73,650 


=) Mining—front-end loaders (p. 56) 


Pay gravel haulage 

100 LCY/h total 

Two 50-LCY-h loaders 

800-ft average haul distance 

+6% average haul gradient plus rolling resistance 


Bouipmetiot. oc. s coe ceeds Re Yp = 0.407(50)- 9225 
rari gS re! rs AN Seek ce ave $0.169 x 0.22 x 1.005 
Puel-and lubrication... ....... at eat oA. $0.169 x 0.46 x 0.991 
SE ee tae, ts SR The LES $0.102 x 0.32 x 0.939 

PabOrse es oe. oc ok at so 2 Yj, = 13.07(50)2°2% 
PERO ae 6 6 ooo aioldl bok alas oa ope via $0.336 x 1.00 x 1.025 

Distance factor occ scs.cos ous 516 Stnet ace a ator F,, = 0.023(800)?-616 

GracienttActor cscs cues see eenaces ous Ff = 0.877¢10.0466)) 


$0.169/LCY 


$0.037 
0.077 
0.051 


$0.165 


$0.336/LCY 
$0.344 


1.413 
1.156 


Pay gravel transportation cost = (0.165 + 0.344) x 1.413 x 1.156 = $0.831/LCY 


Annual front-end loader operating cost = $0.831/LCY x 150,000 LCY/a 


Processing—conveyors (p. 59) 


a 70 yd*/h 


oipent Seren Fenn re ERA EN ETA SS 8 Y, = 0.218(70) °=° 
ORCS ee ins ite ace ar stax oe $0.020 x 0.72 x 1.005 
BlGCtPiClty ie. cos out as naecsis 2s, ve Re $0.020 x 0.24 x 1.029 
PUDTICAtION’ «<8 ce i es ows oo SOME $0.020 x 0.04 x 0.991 
LOA as se a ine ea ee Y1, = 0.250(70)- 702 
RCA DOR Scie ne ene te SER hic wae Ss $0.013 x 1.00 x 1.025 


Conveyor operating cost = (0.020 + 0.013) = $0.033/yd* 


Annual conveyor operating cost = $0.033/yd* x 105,000 yd/a 


Processing—feed hoppers (p. 60) 


100 LCY/h total 
PCROMIONG EA Pat. vo oo oye Slers in am ose Yp= 0.033(100)~ 9-344 
ATER oie nao oa wie aie lege Se $0.007 x 0.88 x 1.005 
PICCEPIPIEY Ve ns 6s os whe ae tle a ae $0.007 x 0.06 x 1.029 
PR AIBTICALIDD es otc oo gels S hee ee $0.007 x 0.06 x 0:991 
@ Toa ORT ee, ecko y aa Rn re eax 0.017100) > 
Beane ete re as Ris on isis, Ao 8 ee eee $0.004 x 1.00 x 1.025 


Feed hopper operating cost = (0.007 ~ 0.004) = $0.011 LCY 


Annual feed hopper operating cost = $0.011/LCY x 150,000 LCY/a 


Cel se ae ee) eS) Ghee CAO SSO eiee Ps 6-8) Oe S 


I 


$0.020/yd? 


$0.014 
0.005 
0.001 


$0.020 


$0.013/yd* 
$0.013 


$0.007/LCY 


$0.006 


0.0004 


0.0004 


$0.007 
$0.004/LCY 


$0.004 


6 a6 6 a eee 8) ee ee 


89 


$124,650 


Processing—rougher jig (p. 61) 


20 yd*+h 

Equipment <3... 5..:. 025-5 Sto eee a Yq = 0.113(20)-9328 
oe FPR ee i PR RM MELE pO, ig, EBs 9 Ahad $0.042 x 0.40 x 1.005 
BeleCRP ICM is le Bia: sus eee ee ee $0.042 x 0.34 x 1.029 
Labrication sor ssc). 2275 eee fet ot $0.042 x 0.26 x 0.991 

Supplies’ 2c. sens Vann eet eee Ys = 0.002(20)- 918 
Industrial materials ................... $0.001 x 1.00 x 1.003 

Labor ioe isetsec: ss 553708 Pee Y, = 3.508(26)- 1-268 
Labor 25 240 macs sss wys 554% 55s ee $0.079 x 1.00 x 1.025 

Rougher service factor ...............-+« Gadehivivss & «ho eee iaee Fz 


Rougher jig operating cost = (0.043 + 0.001 + 0.081) x 0.344 = $0.043/yd? 


Annual rougher jig operating cost = $0.043/yd? x 30,000 yd*/a 


Processing—cleaner jigs (p. 61) 

2 at 5 yd*/h 

Equipment 6 icles noses s Pee a ie eee Yp = 0.113(5)- 9-528 
Parts 05.3420: te sie ra ea ee ne $0.067 x 0.40 x 1.005 
Electricity: <= J... 0-04 a alunos MEM $0.067 x 0.34 x 1.029 
Lubrication <22250: =. <i 6. isea4 se $0.067 x 0.26 x 0.991 

Supplies 3): Joa k os ew ek tee ae Yg = 0.002(5)- 9-18 
Industrial materials .............: ee ere $0.001 x 1.00 x 1.003 

Labor. ico. en enact eth teen eee eee Y, = 3.508(5)~ 1-268 
Labor s....22cst ee blame ede ee reas $0.456 x 1.00 x 1.025 


Cleaner jig operating cost = (0.067 + 0.001 + 0.467) = $0.535/yd? 


Annual cleaner jig operating cost = $0.535/yd* x 15,000 yd*/a. . 


$0.042/yd? 


$0.017 
0.015 
0.011 


$0.043 
$0.001/yd? 
$0.001 
$0.079/yd? 
$0.081 
0.344 


$0.067/yd?* 


$0.027 
0.023 
0.017 


$0.067 
$0.001/yd? 
$0.001 
$0.456/yd* 
$0.467 


® Processing—final jig (p. 61) 


0.2 yd*/h 
“Sy lai. ple ee ene Yp = 0.1130.2)-9328 = $0.192/yd? 
UN UR 9g ee Ee ae re Bee wee $0.192 x 0.40 x 1005 = $0.077 
RAGETVICILY fee Gee des ane ob cares bs $0.192 x 0.34 x 1.029 = 0.067 
Paspescationts: cosa gc ays ae teeiN $0.192 x 0.26 x 0.991 = 0.049 
$0.193 
SAE PSS i teak I cae ne eee Ys = 0.002(0.2)-°! =  $0.003/yd" 
Industrial materials ................... $0.003 x 1.00 x 1003 = $0.003 
TM Oe Le SEEN oS. eats to « Y, = 3.508(0.2)-178 = $26.999/yd? 
BOE Oe. eae ee ss ete cg $26.999 x 1.00 x 1.025 = $27.674 
Final jig operating cost = (0.193 + 0.003 + 27.674) = $27.870/yd? 
Annual final jig operating cost = $27.870/yd* x 300 yd*/a .......................... 
Processing—sluices (p. 62) 
50 yd*/h 
Ragboe 8 ee eh, ee Y, = 0.377(50)-° 86 = $0.031/yd? 
DADE Cr et. 2h din 3 oe ne ee $0.031 x 1.00 x 1.025 = $0.032 


Sluice operating cost = $0.032/yd* 


Annual sluice operating cost = $0.032/yd* x 75,000 yd*/a........ 0.0.0... 2 eee ee eee 


Si 
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Processing—Sluices (p. 62) e 
20 yd*-*h 
Parr besos asia Suk oop bee Y,, = 0.377(20)-°86 =  $0.056/yd? 
Tabet coe cce ddootems ie ota: eae $0.056 x 1.00 x 1.025 = $0.057 


Sluice operating cost = $0.057/yd? 
Annual sluice operating cost = $0.057/yd? x 30,000 ae. Ae tet ae esis eae el ie $1,710 


Processing—Tailings removal—bulldozers (p. 65) 


100 LCYh 
400-ft average hau! distance 
—8% average haul gradient 


Equipment .........-..2-0ceeeeceeeeeees Yp = 0.993(100)- 9499 = = $0.137/LCY 
Pate ee ee ne $0.137 x 0.47 x 1.005 = $0.065 
Fuel and lubrication..........-.---+--+> $0.137 x 0.53 x 0.991 = 0.072 
$0.137 
Labor oi wet ene ota ean Y¥,, = 14.01(100) 95 == = $0.180/LCY 
Labor iio: Yai cept btecat a eae ee $0.180 x 1.00 x 1.025 =  $0.185 
Distance factor.............2. 00ehL08.. Fy, = 0.00581(400)° 9% = 1.307 
Graitienttfactor. 5 i605. ck eee uo he oe .3 c= 1.041¢!0.015-8)] = 0.923 « 
Used equipment factor ..............+++-- U, = 1.206(100)-9913 = 1.136 \ 
1 = 0.967(100P5 = 1.036 


Tailings removal cost = [(0.137 x 1.136) + (0.185 x 1.036)) x 1.307 x 0.923 = $0.419/LCY 
Annual bulldozer operating cost = $0.419/LCY x 150,000 LCY/a ..........+-- +++ esse ees $62,850 


Processing—trommels (p. 70) 


100 yd*/h 
Equiptnent « é0cthtsint ito dieuseananeriomt Ye = 0.217(100)-°43 = $0.034/yd" 
Parts £.ceereting coek. L080. +. 0.068 $0.034 x 0.63 x 1.005 = $0.022 
Flectricity:: 522035 i724 sawn se oe $0.034 x 0.26 x 1029 = 0.009 
Lubrication’ ../ 9. TTC LR. @. Be $0.034 x 0.11 x 0.991 = 0.004 
$0.035 
Laborsis6 oy 3 0 epee aa cae ee Y,, = 0.12%100)-°429 = — $0.018/yd? 
Labor 's.<'sieaiecn un tie ee chen apne ote te ae $0.018 x 1.00 x 1025 = $0.018 
Trommel operating cost = ($0.035 + $0.018) = $0.053/yd* 
Annual trommel operating cost = $0.053/yd* x 150,000 yd?/a ......... 0. sere eee e eee e eee $7,950 


© Supplemental—housing (p. 72) 


100 LCY/h pay gravel 
250 LCY/h overburden 


350 LCY/h total 
SSUDDICS ter ae. Rr. ed. c Peis ees ean ee Yg = 1.445(350)-°583 
Bel ih, eee s Mek, cee cals GTS $0.047 x 0.05 x 0.991 


Wa. ROR rs ee $0.047 x 0.95 x 1.003 


Housing operating cost = $0.047/LCY 


Annual! housing operating cost = $0.047/LCY x 525,000 LCY/a 


Supplemental—lost time and general services (p. 74) 


100-yd*/h mill feed 


EGUIpMent ss scotia. ete i See ei Le ee Yp;= 0.142(100)°.904 

UGIEM ees Ais ces Ses sie Sb als elie oe $0.145 x 0.53 x 0.991 

RALUS Wescott sista ss Cs a eis eae cheat ek $0.145 x 0.47 x 1.005 

ADOC le ee oer) re aaa, ae eet Y, = 2.673(100)-°-5% 

& a Ore ee Reel dee coach. has cee ee $0.239 x 1.00 x 1.025 


Lost time and general service cost = ($0.144 + $0.245) = $0.389/LCY 


Annual lost time and general service cost = $0.389/LCY x 675,000 LCY/a 


Supplemental—pumps (p. 75) 


100 yd*/h mill feed 


1,163 gpm 

80-ft head 

Bouipment see 6) ieee eA ee Yp_ = 0.007(1,163)0-723 
Fuel and lubrication................... $1.074 x 0.59 x 0.991 
Parte oer tome . ea eee. ee Oe aes $1.074 x 0.41 x 1.005 

Gaboreme ee eon eds Y,, = 0.004(1163)0-867 
Labor oy.) eens oe Re ehh $1.819 x 1.00 x 1.025 

Head factories. wi Bee en wk as ere H, = 0.091(80)?.735 


H, = 0.054(80)° 893 


Pump operating cost = [($1.071 x 2.279) + ($1.864 x 2.739)] = $7.546/h 


@ Annual pump operating cost = $7.546/h x 1,500 h/a 


Cr 
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$0.047/LCY 


$0.002 
0.045 


$0.047 


$24,675 


$0.145/LCY 


$0.076 
0.068 


$0.144 
$0.239/LCY 
$0.245 


$262,575 


eececeeeece eee eee ve 


$1.074/h 


$0.628 
0.443 


$1.071 
$1.819/h 
$1.864 


2.279 
2.739 


$11,319 
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OPERATING COST SUMMARY FORM 


Overburden removal: 


* Rear-dump trucks..... OEP OMe da 
SCLAPOLS eee te wi ah a NS ee: 


Mining: 


Backhoes st es. sc eee ee ee 


SCTAPOLS igi hes aka Fete Hints ee Pinas Oaks 


Processing: 


COMVOYOIS £22 4a. sto Seed oa wo antoes eae 
Feed hoppers. 35.0.5. se cact ae eee ee 
Jig concentrators ................0000- 
Sluices 3%. arts s ite ee eee Ae 


Tailings removal: 


Bulldozers 3. coo Sous, See ee ere eae 
Draghnesicr. oo occas cccs scene eee nulte: 
Front-end loaders ................... 
Rear-dump trucks .................%. 
Scrapers. .4.5 oc ee ee 
FOMMONS Son ite Cee he oe ce Ga ie 
Vibrating screens ..................08. 


Supplemental: 


Employee housing .................... 


Lost time and general services 


PUMPS tire go's av os SER Oe eae eG 


Annual cost 


C's 29 @ © 0 6 da @ « @ ate @)e..0 © @ 20's ss «6 
see eee eeee eee eee see se ew ewe es 


TS OO OR oe Ae 151,125 


ee ececeee ees eee eee eee eee eee ee 


+ seh a. js A eiale. «Papi erate Tema? 2 73,650 


ae | A aoe amen OEE e124 GEG 


a 50 males (a apeeete ata baratalats 3 sie, ghte 62,850 


eeeecece ee ee eee eee eee ee ee woe 


eooeeee eee ewe wo ec eo eee ewe ee eas 


Cost per cubic yard pay gravel = total annual cost divided by pay gravel mined per year. 


$820,265/150,000 LCY/a = $5.47/LCY 


Final cost per cubic yard pay gravel 


Re Se ee ee en ae ote $5.47 


Figure A-3.—Operating cost summary form completed for example estimation. 
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Placer Sample 
Forms 


Placer Sampling and Processing Forms 


Available from Denver 


Form No. Release Date Title & Usage 
3842-1 May, 1986 Placer Sample Field Record. Use at each sample 


site while collecting your placer sample. Two 
sided. Space to draw a diagram of the outcrop on 
the back. 


3842-2 December, 1977 Placer Sample Processing Record. Use as you 
process each sample from concentration to 
amalgamation. Single sided. 


3842-3 December, 1977 Placer Sample Summary Sheet. Use to keep track of 
each sample in a project. Single sided. 


Provided in this notebook 


Title & Usage 

Placer Sample Bucket Tally. Use while collecting sample to determine volume in 
loose cubic yards (LCY), total weight, and volume of oversize (larger than 1/4 
inch). Provides essential information to your calculations. Two sided. Displays 
volumes of partially filled buckets on the back. BLM-NTC-300-3K9-1 


Sample Site Photo Placard. Use to establish before and after photographs of each 
sample site. Use dark, wide felt marker. Enter sample number and date, pose in 
photo before you collect the sample. After collecting the sample, print "AFTER" 
below the date, and photograph next to sample channel. Duplicate on green or 
blue paper to reduce sun glare. White paper will produce a washed out, illegible 
photograph. BLM-NTC-300-3K9-2 


Bucket Volume & Pan Factors. Can be cut out and punched for field notebook, or 
glued directly to notebook pages. 


Description and Character of Placer Gold Recovered. Useful when examining 
placer concentrates under a binocular microscope. 


Precious Metal Placer Sample Report. A reduction of an oversize form developed 
by J.R. Evans, CA SO. Similar to 3842-3. Two sided, explanations on rear. 


Example Assay Instructions for Placer Concentrates. Standard assay instructions 
for requesting mercury amalgamations. Will help you prevent the receipt of bad 
data or erroneously formatted data. (You DO NOT want results in ounces per ton!) 


THIS PAG? 
INTENTIONALLY 


wel AR AY2S 
ELAN 


Placer Sample Bucket Tally Page of pages 


Sample Number: Date: 
Project: Sampled by: 
Bucket tare weights: 5 gal. 3'/, gal Processed by: . 











Fill 
Weight, | from 
top 


3 





NM TD TN TR TN Th = =a |= “J 
ao; |W Thy |— [Oo N W | 


Total Weight: Total Volume LCY: 


Buckets of oversize: (5 gallon) BLM NTC-300-3K9-1 M.W.S. 10/95 


BUCKET VOLUME: 5 Gallon Plastic Ropak Brand 
Calculated volumes of partially filled buckets. 

41 struck buckets equal 1.02 cubic yards. 

Calculations +/- 0.0005 and assume cylindrical shape. 


Volume Volume 
in Loose in Loose 
Cubic Feet Cubic Yards 





BUCKET VOLUME: 3'/, Gallon Plastic Letica brand 
Calculated volumes of partially filled buckets. 

58 struck buckets equal 1.003 cubic yards. 
Calculations +/- 0.0005 and assume cylindrical shape 





Volume 
Cubic Feet Cubic Yards 


Sample No. 


Date: 


It is best to duplicate this on green or blue paper to reduce sun glare. Photographs of anything written on white paper are washed out and unreadable. Be sure to use wide, readable markers! BLM NTC-300-3K9-2 M.W.S. 10/96 


THis PAG: 
INTENTIONA’.” Y 
BLANK 


BUCKET VOLUME: 3'/, Gallon Plastic Letica brand. Calculated volumes of 
BUCKET VOLUME: 5 Gallon Plastic Ropak Brand partially filled buckets. 58 struck buckets equal 1.003 cubic yards. 
Calculated volumes of partially filled buckets. Calculations +/- 0.0005 and assume cylindrical shape 
41 struck buckets equal 1.02 cubic yards. 
Calculations +/- 0.0005 and assume cylindrical shape. 








Volume Volume 
in Loose in Loose 
Cubic Feet Cubic Yards 


Volume Volume 
in Loose in Loose 
Cubic Feet Cubic Yards 






Pan Diameter, Volume in Loose Pans Per Bank 
Inches Cubic Yards Cubic Yards Cubic Yard 
2 | oon wr | cee | 100 
ps | cost ey [oom | ao) 
Ls | cana | oases | i 


Note: Pan factors cannot be compared directly to bucket volume. They are rule-of- 
thumb conversions to bank cubic yards based on examiners’ experience and are affected 
by variations from the “average” swell rate, heaping of materials in the pan, and actual 
pan volume. (Not all equal diameter pans have equal volumes.) Pan factors should be 
used with great care, as major volumetric errors may occur. These errors may be hard 
to spot and may cause skewed values. The best approach is to measure your own pan 
volume and estimate swell factors for each sample. 


Better yet: collect big samples. (MWS, 4/93) 








dad put in your Handbook for 
tables lue on field note pages, an Se dowadr : 
“ibecal ies separ #238901 They should just fit (barely) on Rite-in-the 


Rain® field notebook paper. 


THIS PAG= 
INTENTIONALLY 
BLANK 


Title of Mineral Study Case Buaber Page sof 
Organization aad Office Analysis Perforned at: 

Braniner's Bane(s) and Signatares: 

Analysis Method: Binocular Hicroscopic Examination (] Other [] (specify) 


Adhered Rock 
Color and Surface Associated or Mineral Remarks, Including 
Staining Texture Minerals Fragments Evidence of Salting 





Coarse gold = 10 mesh (2.00mm or 0.079 in.) Medium gold = -10 to +20 mesh (.84mm or .033 in.) 
Fine gold = -20 to +40 mesh (0.420mm or 0.017 in.) | Very fine gold = -40 mesh. 


@ e 





sINV 19 
i ATIVNO!IN= tH 
S9Vd Siy 


¢ | 


PRECIOUS METAL PLACER SAMPLE REPORT FORM 








GOLD DATA 


Fineness | Cents/Mg. 
(Assume | 31,104 mg. 
. 900) per Troy or. 


Page ___ of ___ 











BS LARC VU Ut cen ee CTF ield Exam:Date(s). = 4 =. "Case File No: 














Price 







Mg. / yd?|Cents /yd: 


Organization and Office _._ CCCs Location Where Analyses Performed _.___==-======Ss—————Ct——C atl 










AnalyetcesNamece) and:Signature(s) ee aS Ee ee Ee ees SS SS ee, Date 


a 




















AND SAMPLE SITES 


Volume | Volume | Weight Weight of Sample Volume 
Total ¥ Adjusted y Factor , (Ibs.) » Adjusted i, 
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EXPLANATION OF FOOTNOTES FOR 
PRECIOUS METAL PLACER SAMPLE REPORT FORM 


Backhoe, H; Pick and shovel channel, C; Bedrock, B; Pan, P; Drill, 0; Loader, L. 


If dimensions of cut can be taken, volume can be computed and the weight of the material 
will then allow computation of a weight per unit volume directly. 


Plastic 5 gallon bucket contains 0.67 ft.3, and 27 ft.3/yd. 3 0.67 ft.3 /bucket = 40.3 buckets / 


"yd. 3 (w/o swell factor). 


Estimated by eye and an average taken. Deposit refers to deposit as a whole, grizzly refers 
to those boulders which will not be moved and/or pass grizzly and not go through processing 
circuit. 


10% + is common for many sand and gravel deposits. 
Will equal bank volume where dimensions are available. IF volume is loose with a 10% swell 


factor and a loose volume of say 23.2 ft. 3 then 23.2 x 0.90 = 20.9 volume reduction. Add on 
say 8.9 ft.3 of boulder volume to make 29.8 ft.3 or 1.10 yd.3 for total volume. 


Use this column where you wish to adjust for material not mined and/or passing over grizzly. 
Figure this material in mining and/or operating cost section of report (see 4/). 


Figure as in 2/ or use cubic foot box. 

Use where only weight of sample is available and a unit weight has been determined by cubic 

foot box (see 2/). Say there are 582 Ibs. of sample without boulders and 119 Ibs. of boulders 
estimated 0.70 ft.3 x 170 Ibs./At_3 = 119 Ibs.) and unit weight is 111 Ibs./ft. 3 (3,004 Ibs./yd.3): 
82 Ibs. + 119 Ibs. = 111 Ibs./ft.3 = 6.3 ft.3 or 0.233 yd.3 of sample. 


If you want to use weight only for boulder factor (BF) adjustment use this column for reporting 
results by following formula: 


Smpl. vol. (yd.3) = Sample wi x_j 
1 - BF as decimal wt./yd.3 


V yd.3 = = 0.413 yd3. 


1000 Ibs --)x-—— 
(1-0.20) 3000 Ibs./yd. 3 
List equipment used. 

List equipment used. 


With gold at $400/oz.: £400 x 900 x 0.1 = 1.157 cts./mg. 
31,104 mg. 


we any 629 mg. in 1.10 yd.3 -- 629 mg./1.10 yd.3 = x mg./one yd.3 or 1.10 x = 629 or 572 
mg./yd.°. 


See 1/ & 14/ 572 mg//yd.3 x 1.157 cts./mg. = 662 cts /yd. 3 or $6.62/yd.3. 
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Amalgamation only 
TO ee 
Assay Instructions 
Enclosed are six black sand concentrates for mercury amalgamation. You should 
shortly receive a purchase order to cover the cost. Please do not begin work until 
it arrives. 
The following needs to be done with each sample. 


iP Mercury amalgamation: 


A. Report sample dry weight. 


B. Report gold and silver concentration in total milligrams. 

GC: Please do not report concentrations in ounces per ton of concentrates. 
2. Fineness determination. 
2 Return pulps and results to: 


Matt Shumaker 

Bureau of Land Management 
National Training Center 
9828 North 31 Avenue 
Phoenix, AZ 85051. 


Please give me a call at (602) 906-5526 if you have any questions. 








Amalgamation Followed by Bottle Roll Cyanide 


Enclosed are 5 black sand concentrates for mercury amalgamation. You should 
shortly receive a purchase order from BLM Safford District to cover the cost. 
Please do not begin work until it arrives. 


The following needs to be done with each sample. 


1. 


Mercury amalgamation. Report sample dry weight, and gold and silver from 
amalgamation in total milligrams. Please do not report results in ounces per 
ton of concentrates, or as a "head assay." 


Fineness determination. 


After amalgamation, Cyanide bottle roll. Report gold and silver from cyanide 
bottle roll in total milligrams. Please do not report results in ounces per ton 
of concentrates, or as a "head assay." 


Return pulps and results to: 


Larry Thrasher 

Bureau of Land Management 
Safford District. 

711 14th Avenue 

Safford, AZ 85546. 


Please give Matt Shumaker a call at (602) 906-5526 if you have any questions 
about sample processing. 


Please call Larry Thrasher at (520) 428-4040 for purchase order questions. 











Metal Detectors 


@ Treasure 
Hunter’s 


(With special acknowledgment to Western and Eastern Treasures’ 
Buyers Guide) 


AIR TEST — An evaluation of a metal detector’s performance 
based on response to various targets passed beneath the 
searchcoil in open air. Although demonstrating sensitivity, 
such a test is unreliable as an indicator of depth of detection 
of in-ground targets. 


ALL-METAL MODE — A type of operation in which a metal detec- 
tor is fully responsive to both ferrous and non-ferrous targets. 
Usually including elimination of ground effect problems, it is 
also referred to as normal mode. 


AUDIO ID — A feature which produces differences in signal tone 
(i.e., pitch or frequency), enabling the operator to determine 
the probable identity or category of the target by its charac- 
teristic sound. 


AUTOMATIC TUNING — A feature which constantly compensates 
for electronic or environmental changes which would other- 
wise cause a metal detector to drift from its optimum tuning 
level. In order to prevent a discriminate-mode problem known 
as “‘overshoot,” a slow retuning speed is generally preferred. 


BACKREADING — A false signal occurring in discriminate mode 
when a rejected target comes into close proximity (1” or So) of 
actual contact with the searchcoil of a metal detector. Such sig- 
nals are harsh, abrupt, and readily distinguished from normal, 
good-target signals. Also, by raising the searchcoil slightly and 
re-checking, suspected backreading signals can be elimi- 
nated; good signals, although fainter, will still be received after 
the coil is raised. 


BENCH TEST — A type of air test in which various metal detector 
modes, features, and functions are evaluated. This term is 
often used to refer to discriminate-mode testing, with assorted 
ferrous and non-ferrous samples being checked in a metal- 
free area. 


BLACK SAND — An intensely negative form of iron oxide. Also 
called magnetite, it is often associated with gold-bearing 
mineral deposits. Metal-detector operation can be difficult in 
locations where there are heavy concentrations of black sand. 


CACHE — An intentionally concealed hoard of valuables. 


CHATTER — Undesirable signals produced by surface trash 
located by a motion discriminator. Such signals may be short, 
choppy, sputtery, or scratchy, and they are readily distin- 
guished from the strong, smooth, sustained signals produced 
by good targets. Chatter may also result from mineralization if 
too much sensitivity is used. 


COIN DEPTH METER — A feature in which target-signal intensity 
is translated into increments of depth displayed on a meter 
scale. Calibrated to coin-size targets, such a meter provides an 
approximate indication of depth; very large or small targets will 


GLOSSARY 


be interpreted with less accuracy. 


CONDUCTIVITY — The measure of a metal target's ability to allow 
eddy current generation on its surface. These currents then 
produce an inductive imbalance in the searchcoil, thus caus- 
ing a signal. 


DEPTH PENETRATION — The extent of a metal detector’s ability 
to transmit an electromagnetic field into a ground mineral 
matrix and produce a target signal. 


DETUNING — Adjusting the threshold into the null or less sensitive 
portion of the tuning. Also a method of narrowing a target sig- 
nal’s width by retuning to audio threshold over the target 
response area, thereby aiding pinpointing. 


DISCRIMINATE MODE — A type of operation in which a metal 
detector is adjusted to reject unwanted metal targets such as 
nails, foil, bottle caps, and pulltabs. This is achieved by © 
adjustable circuitry which ignores or nulls out response from 
targets within or below a specific conductivity range. Often 
simply called “discrimination,” with metal detectors capable 
of such performance being referred to as “discriminators.” 


DRIFT — A loss of threshold tuning stability. Drift may be caused 
by changes in temperature, humidity, matrix mineralization, 
battery condition and/or metal detector design. High-quality 
instruments are frequency-stable and feature automatic or 
manual-drift correction circuitry. 


ELLIPTICAL — Oval or elongated search coil in configuration, 
rather than uniformly circular. 


FAINT SIGNAL — A weak, but audible, response characteristic of 
avery small, or deeply buried target. 


FALSE SIGNAL — An audio indication created by backreading, 
overshoot, ground voids, hot rocks or other mineralization, wet 
vegetation, interference, or some other source of disruption. 
Although varying widely in quality and intensity, such signals 
are usually easy to distinguish from those of good targets. 


FIELD TEST — An evaluation of a metal detector’s performance 
based on random location of targets under varying, often 
adverse search conditions. Although lacking the control of air 
or bench-testing, such a test provides more useful data in 
terms of actual operation. 


GRIDDING — A method of systematically searching with a metal 
detector. Following real or imaginary parallel lines approxi- 
mately three feet apart, the operator scans back and forth 
across the area. When this search is completed, the proce- 
dure is repeated, this time at right angles to the original lines. 
In this way, complete coverage is assured. 


GROUND BALANCE (PRESET) — A feature which eliminates the 
need to perform manual bround balance. Circuitry is internally 
adjusted during manufacture to provide optimum operation 
over average ground conditions. 
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GROUND EFFECT — Negative or positive mineralization which 
affects the tuning and performance of a metal detector. The 
greater the amount of mineralization, the greater the problem. 
In non-motion TR discriminate mode, especially, both sensi- 
tivity and discrimination compound ground effect as they are 
increased. In all-metal and motion-discriminate modes, 
ground effect can be largely or totally eliminated. 


HOT ROCK — Any rock which is more highly mineralized than the 
matrix Surrounding it. Because the metal detector is compen- 
sating for the level of mineralization of the matrix, the ‘‘hot 
rock’’ produces a positive response in motion-discriminate 
mode. In the all-metal mode, the ‘‘hot rock’’ will produce a 
negative response or null, however. By comparing signals 
received in the two modes, it is possible to identify these rocks 
as undesirable targets. 


INTERFERENCE — Audio disruption or other operational difficulty 
resulting from the presence of power lines, radio transmitters, 
etc., in the area in which a metal detector is being used. Metal 
detectors having the same operating frequency can 
experience mutual interference or ‘‘cross-talk’’ in some 
instances. Interference can be reduced by lowering the sen- 
sitivity setting of the detector and maintaining a reasonable 
distance from the source of the disturbance. 


MATRIX — The total volume of ground penetrated by the transmit- 
ted electromagnetic field of a metal detector’s searchcoil. The 
matrix may contain varying amounts of metal, minerals, 
moisture, and other substances. 


MINERALIZED GROUND — Any soil which contains conductive 
or non-conductive components which affect the tuning and 
performance of a metal detector. 


MOTION DISCRIMINATE MODE — A type of operation in which 
both automatic or manual ground rejection and discrimination 
occur simultaneously while the searchcoil is kept in motion. A 
metal detector having this capability is referred to as a ‘‘motion 
discriminator.” 


NOTCH ACCEPT — A feature whereby all target responses are . 


eliminated, except those of a chosen notch level (conductivity) 
and notch width. 


NOTCH DISCRIMINATION — A type of discrimination mode which 
allows a desirable lower conductivity range of targets to be 
accepted within the rejection range of a standard discriminate 
control setting. For example, notch discrimination permits 
detection of nickels and small gold rings while maintaining 
rejection of aluminum pulltabs — something impossible to 
achieve with conventional discriminate mode operation. Notch 
discrimination also permits rejection of all metal targets except 
those within a specific conductivity range; thus, a metal detec- 
tor with this capability can be adjusted to respond only to gold 
rings. For additional information, see the article ‘‘Notch Filter 
Discrimination — Knack of the Notch.” 


NOTCH LEVEL — A control which selects the target conductivity 
range to which the notch filter circuitry will respond. Some- 
times called the ‘‘notch window.” 


NOTCH REJECT — A feature whereby targets of a specific notch 
level (conductivity) and notch width are eliminated, producing 
no audio response. 


NUGGETSHOOTING — Using a metal detector to search for gold 


nuggets. The all-metal mode is employed in this type of detect- 
ing. Often a small diameter searchcoil is preferred because of 
its greater responsiveness to tiny targets. 


NULL — The zone below audible threshold in metal detector MB 
ing. Also, the momentary drop or quiet response of threshold 
audio as the searchcoil passes over a rejected target in dis- 
criminate mode. Note: These concepts do not apply to “‘silent 
search’’ operation. 


ORE SAMPLING — A type of air test in which ore samples are 
passed beneath a metal detector’s searchcoil. Responses are 
checked against those of other samples of known content or 
conductivity, obtaining a comparative indication of the metal 
or mineral present in the ore. Such tests can be conducted in 
either non-motion discriminate mode (at the lowest possible 
setting) or all-metal mode (with the detector adjusted to null 
slightly on a known iron mineral sample). 


OVERLAPPING — The practice of advancing a metal detector’s 
searchcoil by a distance which is less than the physical 
diameter of the coil, so that a portion of the ground covered by 
the coil’s first pass will be included in its second pass as well. 
By overlapping, 25% or so, an operator is far less likely to miss 
targets. 


OVERSHOOT — A false signal occurring in non-motion dis- 
Ccriminate mode when automatic tuning is used. A rejected tar- 
get creates a null which is immediately compensated for by the 
tuning Circuitry; as it does so, the searchcoil passes be 
the rejected target’s influence, and excessive retuning occ 
This causes a momentary signal increase prior to return to nor- 
mal threshold. Overshoot is particularly troublesome when 
retune speed is too fast and/or searchcoil movement is too 
slow. 






PINPOINTING — The practice of precisely locating a target prior 
to attempting to recover it. By approaching the target from 
several different directions and noting the point at which the 
signal is strongest, it is possible to determine its exact position. 
Detuning and probing are additional techniques in pinpoint- 
ing. 


REJECTION — Non-acceptance of a target in the discriminate 
mode, indicated either by a null in the audible threshold or no 
change in sound. 


RETUNING — Manual or automatic correction of drift or any other 
undesirable change in tuning. 


RF TWO-BOX — A radio frequency detector having its transmit 
and receive windings in separate housings positioned several 
feet apart, at opposite ends of a connecting shaft. Two-box 
detectors are designed for locating large, deeply buried 
objects; they are not suitable for locating targets such as coir 
Effectively used by cache hunters, they are also employeat 
prospecting when seeking or mapping out ore bodies, and 
they have industrial applications as well. 





SCRUBBING — A technique used in non-motion discriminate 
mode to reduce ground effect problems due to searchcoil ele- 
vation, and to increase depth of detection. The searchcoil is 
pressed against the surface while searching. 


SCUFF PLATE — A protective plastic cover which is friction-fitted 
to the bottom of a metal detector’s searchcoil, preventing abra- 
sion damage without affecting performance in any way. A scuff 
plate is particularly recommended when scrubbing the 
searchcoil during searching. 


SEARCHCOIL — A circular plastic housing containing single or 
multiple transmit and receive windings in a specific orientation 
or configuration. (See the Question/ Answer section of this 
booklet'for an extensive discussion of searchcoil designs and 
operational characteristics.) 


SEARCHCOIL SHIELDING — A metallic or conductive barrier be- 
tween the searchcoil windings and plastic housing, designed 
to eliminate electrostatic interference from wet vegetation. 
Elimination of this disruptive ‘grass effect” can also be 
achieved by means of special circuitry. 


SENSITIVITY — The measure or capacity of a metal detector to 
perceive changes in conductivity within the searchcoil detec- 
tion pattern. Adjustment of a metal detector’s sensitivity affects 
both its depth of detection and its reaction to ground minerali- 
Zation. In discriminate mode, reducing sensitivity may actually 
improve performance by decreasing ground effect and inter- 
ference. 


SIGNAL — An audio response and/or meter indication alerting the 
operator that a target has been located by the metal detector. 


SIGNAL WIDTH — The total distance of ground over which a sig- 
nal is sustained during searchcoil movement across the target 
area. 


SILENT SEARCH — A type of metal detector operation in which 
optimum tuning is maintained without audible threshold, and 
without loss of sensitivity. No sound is heard until a target is 
detected. 


STABILITY — The ability or tendency of a metal detector to main- 
tain optimum tuning despite changes in temperature, humid- 
ity, matrix mineralization, or other environmental factors 
contributing to drift. 


SURFACE BLANKING — A feature which permits the operator of 
a metal detector to eliminate all target signals from objects on 
or near the surface. A blank depth control regulates the dis- 
tance of target elimination, usually from 1” to 4.” Surface blank- 
ing Circuitry is based on interpretation of signal intensity and 
calibrated to coin-size targets; very large or small targets will 
be eliminated at correspondingly greater or lesser distances 
than the blank depth setting. The Tesoro Royal Sabre features 
surface blanking and depth control. 


TARGET — Any object causing a signal indication from a metal de- 
tector. 


TARGET MASKING — An undesirable effect in discriminate mode 
whereby the negative response of a rejected target overrides 
the positive response of a nearby, normally accepted one, 
preventing perception of the good item. This problem can be 
reduced by avoiding excessive sensitivity and discrimination, 


selecting a narrow-scan or small diameter searchcoil, and 
scanning the area from several different directions. 


TEN-TURN — A type of control used for fine tuning of the thresh- 
hold of ground balance. The control manually rotates ten turns 
to cover the full electrical range of the function before reach- 
ing the end of its range. 


- TEST PLOT — A mapped area (sometimes called a “‘test garden’’) 


in which targets are buried at various depths and allowed to re- 
main in the ground for a time, simulating actual field conditions 
of moisture, oxidation, etc. Use of a test plot can aid in develop- 
ing operator skills and evaluating new equipment or methods 
under known ground/target conditions. 


THRESHOLD — The optimum tuning setting for a metal detector, 
at which a faint buzz or hum can be heard — the threshold 
tone. Note: This concept does not apply to “‘silent search’’ 
operation. 


TR — Transmitter-Receiver. A type of metal detector circuit in which 
a transmit oscillator generates a specific rate of current fre- 
quency through a multiple-wound searchcoil, creating an elec- 
tromagnetic field. Detection is achieved by target surface eddy 
current generation and inductive imbalance between the 
transmit and receive windings. TR is often used to designate 
early low-frequency (LF) detectors of this type, as opposed to 
more recent very low frequency (VLF or VLF/TR) designs. Itis 
also used to signify the non-motion discriminate mode. 


VLF — Very Low Frequency. A radio frequency spectrum ranging 
from 3 kHz to 30 kHz, and the one most commonly used in cur- 
rent metal detector designs. VLF is also used to designate TR 
detectors operating at very low frequency — VLF/TR’s — and 
iS sometimes substituted for the mode of operation known as 
all metal or normal. 


VLF/TR — A class of TR metal detectors operating in the VLF 
range. Also used to designate detectors of this class which do 
not include a motion-discriminate mode; in such cases, a dis- 
tinction is made between VLF/TR’s and “‘motion discrimina- 
tors,” even though the latter instruments also operate on the 
TR principle and in the VLF range. 


VOLUME COMPARISON — A technique used to determine ap- 
proximate target depth when operating a non-motion VLF/TR 
metal detector. After receiving a signal while searching in the 
discriminate mode (adjusted to a low rejection level), the oper- 
ator switches to the all-metal mode and re-checks the signal. 
If the signal intensity is approximately the same in both modes, 
the target can be considered possibly deep and worth inves- 
tigation. If the signal is much stronger in the all-metal mode, 
the target can be considered possibly shallow. 
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PREFACE 


This handbook was prepared by Salisbury & Assoc., Inc. (SAI) of 
Spokane, Washington, under contract to the National Park Service (NPS). 
Chapter 1, entitled Placer Geology, Evaluation and Mining Methods, was 
written by Jeffrey H. Levell. Chapters 2,3 and 4, respectively entitled 
Environmental Impacts, Water Quality and Reclamation, were written by 
Larry A. Peterson and Gary E. Nichols of L.A. Peterson & Associates of 
Fairbanks, Alaska, under subcontract to SAI. Editing, editorial 
additions and the section on water-related regulatory requirements at 
the end of Chapter 3 were provided by NPS personnel. The Introduction 
to this handbook and the Introduction and Summary to Chapter 2 were 
written by Sidney L. Covington with the NPS, Energy, Mining and 
Minerals Division in Denver, Colorado. 
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INTRODUCTION 


PURPOSE 


This publication is intended to be a ready-reference handbook and guide 
for park and regional staff who will be called upon to evaluate the 


technological aspects of proposed placer mining operations and the 
environmental impacts _of those operations. Those operations may be 


within a park unit, and therefore covered under a plan of operations; . 


or, they may occur outside the park boundary in such proximity as to 
effect the resources within the park. This handbook should be an aid in 
the understanding of the equipment and methods used in placer mining, 
provide a background to assess environmental effects of placer mining, 
provide potential mitigation measures for environmental impacts and 
give a brief synopsis of the current environmental regulations 
pertaining to placer mining. 


‘The text is not intended to be exhaustive, but rather to provide a 
synopsis of the placer mining industry and at the same time provide 
references which can lead the reader to a more in-depth study, if 
desired. In addition, it is intended to emphasize those aspects which 
are important to the evaluation of a placer mining operation from 4a 
National Park Service (NPS) perspective. The user should call upon 


expert help for additional information, including NPS staff geologists 
and engineers. 


Since the great majority of placer mining affecting units of the 
National Park System occurs in Alaska, most of the discussion is 
written with Alaska operations in mind. Discussions of fish, wildlife 
and specific environments are for Alaska. However, most of the mining 
and sampling techniques may be applied to placer operations 
universally. 


BACKGROUND 


In 1976 the U.S. Congress enacted the Mining in the Parks Act (16 
U.S.C. 1901 et sed.) closing all units of the National Park System to 
the location of new mining claims and directed that all mineral 
development activity in all units of the System be regulated. The NPS 
has been charged with this authority. NPS minerals management 
regulations are contained in the Code of Federal Regulations (CFR) 
Title 36, Part 9, Subpart A. These regulations were promulgated to 
control the conduct of mining and mineral related operations so as to 
minimize damage to the values and purposes for which the parks were 
created. The principal method that the NPS uses to enforce these 
regulations is to require plans of operations for all mineral 
exploration and development activities within NPS units and appropriate 
bonds for the performance of the mining and for reclamation. 
Discussions of plans of operations, bonding and applicable mining laws 
and regulations are beyond the scope of this handbook but may be found 
in other NPS publications. A discussion of water quality regulations is 
contained in Chapter 3 of this document. 
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When placer operations are proposed or conducted outside but adjacent 
to an NPS unit, it may be necessary for the NPS to work with the 
appropriate federal or state land management and regulatory agencies. 
On federal land these include the Bureau of Land Management, the U.S. 
Forest Service and the Fish and Wildlife Service. In Alaska these may 
include the Alaska Department of Natural Resources, Department of 
Environmental Conservation and Department of Fish and Game. It is 
important for the NPS to be intelligently involved in evaluating these 
proposed or active operations which will impact the park from outside 
its boundaries. 


OVERVIEW OF CONTENTS 


-. This handbook has been divided into four chapters with a glossary in 


the back. At the end of each chapter is a list of references applicable 
to the subject matter of the chapter. 

Chapter 1,"Placer Geology, Evaluation and Mining Methods," describes 
what placer deposits are, how they are formed and where they occur. A 
section on placer evaluation methods is included to give the user an 
idea of the difficulty and problems in evaluating a placer deposit, and 
what an NPS mineral examiner would consider in examining a placer claim 
for validity. The last section in this chapter reviews gold processing 
and recovery techniques, historical and current mining methods and 
mining in three of Alaska's national parks. ; 


‘Chapter 2, "Environmental Impacts," is written principally for the 


Alaska environment. Both the aquatic and terrestrial habitats discussed 
are those in Alaska. Nevertheless the principles which are discussed 
and the impacts to the environment may be applied to most any stream 
placer deposit. The last section in this chapter is a discussion of the 
actual mining activity as it involves impacts from the earth moving 
techniques and equipment. 


Chapter 3 deals entirely with water quality and should be used with 
other publications, such as those listed at the end of the chapter, to 
give a more complete picture of water quality parameters and sampling 
techniques. 


Chapter 4, "Reclamation" describes how both aquatic and terrestrial 
land reclamation may be accomplished. It should be kept in mind that 
land reclamation is not just the final step or aftermath upon 
completion of mining, but rather part of the mining process. 
Reclamation is often accomplished as mining proceeds. Mining plans, as 
a rule, should include an integrated reclamation plan. 


In conclusion, this handbook is meant to provide quick information to 
NPS personnel in the field and to provide references and sources for 
furthur research if needed. It is not intended to be exhaustive. It 
should, however, be useful to the field person reviewing a plan of 
operations for placer mining and for monitoring a placer operation 


onsite. 
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CHAPTER 1 


PLACER GEOLOGY, EVALUATION AND MINING METHODS 


PLACER GEOLOGY © 


DEFINITION 


In the discussion that follows, the term "placer" or "placer deposit" 
refers to deposits of unconsolidated sand, gravel and other detrital or 
residual material containing a relative concentration of gold or other 
valuable minerals. The valuable minerals have accumulated through natural 
processes of weathering, erosion, sedimentation and _ mechanical 
concentration. Placer deposit formation requires the following: 


1. A valuable mineral which is relatively heavy and is resistant to 
mechanical abrasion and chemical solution. Some heavy minerals such 
as pyrite or cinnabar (mercury) may be found in placer concentrates 
but they generally do not travel far from their source because they 


are relatively brittle, soft or chemically unstable. Valuable 
minerals usually mined from placers are gold, Silver,  platinun, 
cassiterite (tin) and gemstones. Magnetite (iron), ilmenite 


(titanium), rutile (titanium) and monazite (rare earths, thorium) 
are mined to a lesser degree (Wolff 1980). The last four minerals 
are also common associates of gold in placers and are usually 
present in the placer concentrate after mining. 


27 The valuable mineral must be released from its parent rock by 
Natural processes of chemical and mechanical weathering. 


ois Concentration of the valuable mineral. Concentration usually 
involves water transport. 


"Placer gravel" is the rock waste or detrital material which makes up a 
placer deposit. Placer gravels may include colluvium, stream gravels or 
beach sand - each containing variable amounts of different sized material 
ranging from clay-to boulder-size. 


This manual discusses placer gold deposits because placer mining operations 
in the United States and particularly in Alaska are predominately gold 
recovery operations. However, the principles of deposition, formation, 
evaluation and mining are essentially the same for all heavy mineral 


placer deposits. 


FORMATION 


The location, size and shape of a placer gravel deposit are functions of 
the regional forces of erosion, transportation and deposition which created 
it. However, its final form will be controlled by local conditions (Wells 
1969). Each placer deposit will be absolutely unique in one or more ways - 
even within the same mining district or park area. 


Placer deposits are produced primarily by weathering and disintegration of 
lodes or source rocks containing gold. According to Wells (1969), in most 
cases, the grade and size of a placer does not depend on the richness of 


the primary source rocks, but rather, on an abundant supply of gold-bearing 
(auriferous) source materials and on physiographic conditions favorable for 


gold concentration. 


Gold found in a placer deposit may be derived from a number of different 
sources, including the following: 


1. Lodes, veins or mineralized zones — placers are commonly found in lode 
mining districts, but highly productive placer districts also occur in 
areas without obvious lode deposits. Preexisting lode deposits may have 
been destroyed by erosion or gold may be contributed by small mineralized 
zones. These small zones may be economically insignificant by themselves, 
but are abundantly distributed throughout a placer district. 


2. Auriferous (even slightly) sulfide or polymetallic deposits or large 
porphyry deposits containing small disseminated amounts of gold. Numerous 
gold placers are located in lode mining districts which are not primarily 
gold districts. 


3. Regional bedrock - occasionally formations of conglomerates, quartzite 
Or other rocks will contain small amounts of disseminated gold. Also, 
formations of schists, gneisses or other rocks may contain small 
disseminated amounts of gold in slightly auriferous minerals such as pyrite 
or other sulfides. 


4. Old placer deposits - older generations of placer deposits are often 
subjected to new erosion and alluvial transport by streams creating new and 
sometimes richer placer concentrations. 


5. Glacial deposits - unsorted glacial deposits may contain gold from the 
gouging out of lodes or previous placer deposits. The action of recent 
Streams may, in some cases, reconcentrate the gold after the glacier has 
retreated. 


Principal mechanical agencies that assist in the transport and 
concentration of gold into placers are gravity, running water in streams 
and the agitation of waves along ocean shores. Of these, the action of 
Streams is the most important in the movement and deposition of sediments 
and consequently in the formation of most placer deposits. Fluvial 
processes, alluvial material movement, and the mechanics of placer 
formation are beyond the scope of this manual. However, the following 
basic concepts of stream processes, summarized from Wells (1969), are 
necessary to the understanding of different placer deposit types 
encountered at mining operations in the field. 


Erosion of the streambed occurs when the water flow has the ability to 
transport more material than is being supplied. Conversely, when the flow 
velocity is slowed or the water is overloaded with sediment, deposition of 
the sediments will occur. Where velocity is slowed locally, such as on the 
downstream side of boulders, other stream obstructions or on the inside 
bank of a stream bend, temporary deposition will occur. Streams generally 
transport most of their sediment load during periods of flood, and most 
deposition will occur when flooding stops. Coarse sand and gravel are 
intermittently bounced, pushed and rolled along the streambed. Much of the 
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coarsest cobble and boulder material is usually static except for brief 
periods of high-velocity stream flow. 


Downward movement and concentration of gold and other heavy minerals on or 
near bedrock occurs when stream conditions are such that the entire bedload 
is shifted or sufficiently agitated. This movement and agitation of the 
alluvial material allows gold and other heavy minerals to sink quickly to 
bedrock, concentrate in natural sedimentary traps and form typical stream 
placer deposits. Fine gold particles, however, may be dispersed throughout 
the total depth of the placer gravel. 


Coarse, unsorted material is usually present in the upper reaches of a 
drainage system. During flood conditions relatively small gold particles 

will be swept up and deposited farther downstrean, where coarser gold will 
settle more readily to bedrock. Once the coarse gold has settled, it is 
very difficult to dislodge. Thus coarse gold will generally be found in 
placer deposits close to the source rocks and finer gold deposits are 
located farther downstrean. 


Physical characteristics of the bedrock are important factors in the 
formation of natural sediment traps and consequently placer deposit 
formation. Cracked bedrock, with an uneven or hackly texture, such as 
slates, schists and other naturally jointed rocks are favorable, 
particularly if the structures are steeply dipping. These rocks create 
abundant riffle-like traps for capturing gold and protect it from 
high-velocity currents once it has been deposited. - Clays or decomposed, 
clayey rocks are also effective in trapping gold particles. Gold particles 
‘often settle into cracks and crevices or clayey rock creating economic 
concentrations several feet into the bedrock. "False bedrock," usually in 
the form of a well-defined stratum of clay, compact sand or 
limonite-cemented gravel situated above the actual bedrock, may be present 
within some placer gravel deposits. 


Higher bedrock concentrations or "paystreaks" often occur within gravel 
deposits. They may follow a sinuous course which has no - obvious. 
relationship to the present course of the stream channel, but reflect the 
location of former, abandoned channels. 


DEPOSIT TYPES 


Although the following discussion covers deposit types in Alaska, the types 
listed here are generally the most common placer deposits located in the 
rest of the United States as well. 


Eluvial (Residual) Placers 


The first stage in the concentration of gold takes place at or near its 
release from the source rock. Weathered parent rock undergoes chemical, 
mechanical and biological weathering resulting in the loss of valueless 
material and relative enrichment in gold by leaching and winnowing. These 
deposits can be relatively rich but are usually restricted in size. 
According to Wolff (1980), eluvial placers are uncommon in Alaska because 
weathering conditions are unfavorable for their formation. Those that occur 


probably owe their enrichment to mechanical breakdown of enclosing rock, 
creating a naturally broken and easily minable deposit, rather than to the 
removal of valueless matrix material. : 


Colluvial Placers 


These deposits are located between eluvial and stream placers. They are 
usually in the form of surface detritus and soil and are limited in extent. 
Surface creep and a number of other erosional transport mechanisms, such as 
rain splash, sheet flow, solifluction, mud flows and land Slides, move the 
rock waste and gold down hill. Relatively lighter material may be winnowed 
out of the deposit by rain wash and wind, and as the whole mass gravitates 
downhill, a rough concentration of gold may develop. According to Wolff 
(1980), this type of placer is not abundant in Alaska and they are usually 
low grade if present. Their chief economic value is that they move the gold 
into drainage systems to be further concentrated. 


Stream Placers 


This type of deposit is frequently the subject of mining operations in the 
western United States and Alaska. They are found in drainage systems 
. ranging from steep gradient gulches in the upper reaches to lower reaches 
characterized by flatter stream gradients with wider and often extensive 
beds of gravel. Each individual deposit is different from the next because 
of unique local conditions of erosion and deposition. Individual deposits 
. @re characteristically different in the manner in which the gold is 
deposited and consequently in the grade of the deposit and the method in 
which they can be mined economically (e.g., size and type of equipment 
used). Following are descriptions of general types of stream deposits 
currently mined: 


Gulch Deposits - Located where stream flow commences in the source area. 
Gulches are characterized by Steeply incised canyons, steep gradients, and 
contain narrow deposits which are generally small in areal extent (Figure 
1). Rapids and waterfalls are common and stream flow may only take place 
during periods of high precipitation or thawing. Gravel accumulations are 
often thin, discontinuous and poorly sorted with abundant boulders. Gold is 
commonly coarse with a large percentage of nuggets. Gold values are 
usually sporadically distributed but well concentrated on and in bedrock. 
These deposits can usually be mined only by simple hand mining techniques 
or with very small mechanized equipment. 


Creek Deposits - Creek deposits are very Similar in form to gulch 
deposits, but physical characteristics are less extreme, in that they have 
flatter gradients and wider deposits (Figure 2). They are important 
Sources of gold in many Alaskan districts. Larger deposits and more space 
accommodate larger mechanical equipment and consequently larger mining 
operations. Most are mined utilizing some form of sluice or other recovery 
System and various combinations of compatible mechanical excavating 
equipment. 


River Deposits - Several gulches and creeks eroding a drainage basin will 
join together at lower elevations to form larger rivers and deposits 
characterized by more extensive gravel flats (often several hundred feet 
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Figure 1.- Gulch deposit illustrating small working space and coarse, shallow 
gravel deposit. 
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Figure 2.- Creek deposit at: the confluence of two gulches. 


across) (Figure 3). Because of the shallower gradient, the carrying 
capacity is limited, and consequently a more uniform gravel size 
distribution is present along with a more uniform dissemination of gold. 
Gold deposited is usually finer-grained, more worn, and flatter than that 
found in creek deposits, and the overall deposit may often be lower grade. 
However, paystreaks and bedrock concentrations are often capable of 
supporting large-scale mining operations and occasionally dredging (Wells 
1969). 


Gravel Plain Deposits - These deposits are commonly found in the floodplain 
of large rivers where the river flattens and widens. Vertical erosion is 
less rapid and the stream begins to move laterally, creating meanders, 
shifting stream channels, and braided channel systems. Major deposits 
often occur where abrupt changes in the gradient occur, such as at the 
confluence of two streams or where the river breaks out from an area of 
hills into larger valleys or plains. Gold deposits are comparatively 
richer here because the stream-flow velocity lessens and loses its 
transporting power. Gold deposited in this lower area of a drainage system 
will be fine-grained, principally because of the lower water velocities 
available to carry it this far downstream. Although part of the contained 
gold will be concentrated at or near bedrock, much of it may be fairly 
uniformly distributed vertically and laterally throughout the gravel 
deposits because of the constant lateral migration of stream channels. 
These deposits are usually low grade and, if economic, are mined using very 
large-scale mining and dredging equipment. Because of the small size and 
flatness of the gold it is difficult to recover and: requires relatively 
sophisticated recovery techniques, such as jigs. 


Bench (Terrace) Placers 


These deposits are remnants of alluvial valley fill formed during an 
earlier cycle of erosion and deposition. They are left stranded along one 
or both valley sides when the stream incises its bed downward in response 
to a relative lowering of the base level (see Figure 3). The abandoned 
gravel deposits usually follow the course of the present day stream and 
approximate its gradient. More than one level of bench deposits frequently 
occur. Benches are often mined in Alaska (and elsewhere), and usually 
require large-scale, mechanized operations. Bench gravels in Alaska are 
often frozen and require thawing prior to mining. 


Beach Placers 


These deposits form where gold-bearing material is supplied to the ocean 
shore by streams or possibly downhill creep along the shoreline. The 
deposits are formed by the action of waves, tides, undertow and longshore 
currents. If the position of the shoreline remains fairly constant, gold 
may be concentrated by continual wave agitation and the washing away of the 
lighter material. These placers are most often long and narrow and usually 
contain very fine and thin, flaky gold which is difficult to recover by 
conventional gravity methods. Some of the best examples of beach placers 
are those at Nome, Alaska, on the Seward Peninsula, where several ancient, 
elevated deposits are located inland from the present coastline. 
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Figur2 3.- River and parallel bench deposits. Rectangular cut in central 
foreground is from recent mining of frozen gravels on the bench. 


PLACER EVALUATION 


Exploration for placers in the past was usually a very simple process of 
prospecting stream gravels to find the best accumulations of gold. 
Sampling was carried out by hand methods of pitting or sampling existing 
exposures of gravel. Samples were washed by panning or crude sluicing. In 
the. early days, and to some extent even today, if good values were obtained 
from a few tests, the prospector immediately turned miner and the richest 
paystreak material was mined. If returns were poor, the prospector 
tontinued on. 


Easily accessible and high-grade deposits are rare today, and lower grade 
deposits require the use of more costly, mechanized machinery and recovery 
systems in order to mine the deposits efficiently and economically. Some 
form of systematic exploration is therefore required to provide reliable 
ore reserve estimates and reduce risk. Evaluation of a placer deposit is 
only the initial phase of a complete mining operation. 


EVALUATION GOALS 


The goal of any evaluation program is to define the size and grade of a 
placer deposit and to determine whether it can be mined at a profit. 
Initially, an evaluation program may include broad-scale geologic studies 
using a large array of technological aids to locate new deposits or 
previously unknown deposits in a drainage system with a history of placer 
mining. Once an area has been explored and a prospective deposit has been 
identified, more detailed studies are required to determine the parameters 
which directly affect proposed mining, rehabilitation, gravel processing 
and gold recovery techniques. The goal of the evaluation is to determine 
the volume, grade and geometry of the deposit as well as gravel and 
overburden characteristics, distribution of gold values within the deposit, 
configuration and type of bedrock, conditions affecting the environment 
and, particularly in Alaska, amount and distribution of permafrost. 


In order to plan a successful mining operation, a good sampling program is 
the most critical and valuable source of information and will provide much 
of the data on the physical conditions previously described. Although not 
detailed in this manual, several other pieces of information should be 
gathered during evaluations, all of which affect the commercial value of a 
deposit. These include deposit access, local topography and water 
availability. 


EVALUATION PROBLEMS 


Representative placer samples are desirable but usually difficult to obtain 
for the following reasons: : 


1. Obtaining a representative sample requires sampling the nonhomogenous 
mixture of clay, sand, gravel and boulders in their natural proportions in 
the sample (Figure 4). In addition, these proportions commonly change - 
often radically - over very short distances, both vertically and laterally 
throughout the deposit. 


10 





Figure 4.- Typical placer material in a bench deposit illustrating a wide range 
of particle sizes. 


2. In most placers, gold is not uniformly distributed throughout the whole 
mass and is often quite erratically distributed. Gold may also be confined 
to narrow, sinuous paystreaks. If gold is relatively evenly distributed 
within a paystreak, the paystreak itself is difficult to locate within the 
other low-value gravels. Also, coarse gold deposits are even more erratic 
and values may be concentrated in zones tens to hundreds of feet apart. 


Collecting large samples to offset the possibility of including or 
excluding high-value gold particles (nugget effect) is often impractical 
and may be tantamount to actual mining of the property. Another 
alternative is to take an abundant number of samples to statistically 
increase the degree of confidence in the results. Economic and time 
considerations often render this solution impractical also. 


3. When dealing with gold placers, the high unit-value of gold causes a 
problem. According to Wells (1969), in a commercial placer the relative 
amount of gold (by volume) may be on the order of one part gold to a 
hundred-million parts of gravel. As a result, any error in gold content of 
the sample will be highly magnified in the end calculation of grade. 


From large-scale, company-sponsored programs to the individual prospector, 
the evaluator must be aware of these problems when planning a sampling 
program and evaluating sample results. 


EVALUATION METHODS 


Placer evaluations are usually conducted in two phases, the first being 
regional or large-scale exploration reconnaissance studies to locate a 
potentially economic deposit. The second phase involves sampling and 
gathering detailed data on a specific deposit in order to delineate enough 
commercial gold-bearing gravel (paydirt) to justify development and mining 
or to eliminate the deposit from further consideration. 


In this manual, it is assumed that the first phase of exploration has been 
conducted and any or all of the following favorable geologic conditions © 
have indicated a high probability that minable deposits may exist and a 
specific deposit has been targeted for further evaluation: 


1. The deposit is located in an area which drains mineralized, known, 
gold—bearing terrain. 


2. Reconnaissance sampling indicates placer gold is present. 
3. The drainage or neighboring drainages have a history of placer mining. 
The following discussion deals with the evaluation of a specific deposit. 


When planning a sampling scheme, consideration should be given to the 
physical characteristics of the deposit, such as probable source of the 
gold, distance the gold has traveled and erosional forces that contributed 
to formation of the deposit. Generally, the larger and more uniform the 
gravel deposit, the more evenly distributed the gold values will be. In 
this case, sampling data may be projected up to several hundred feet. In 
comparison, it may be risky to assume an area of influence of over a _ few 
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feet from a sample obtained from a coarse-gold gulch deposit. Conversely, 
negative values from a coarse-gold deposit may not necessarily indicate 
minable reserves are not present. 


A few samples will provide valuable information about a deposit, but they 
are usually not sufficient to accurately determine the overall grade. A 
detailed sampling program is usually required to reliably estimate the true 
potential of a deposit. However, lack of time and exploration capital and 
need for cash flow require some placer mine operators to abandon’ the 
detailed exploration approach and start mining. Their approach may be 
somewhat unscientific but based on their experience and _ empirical 
knowledge, they may be satisfied with the degree of certainty obtained from 
a few judiciously chosen samples. Samples may be collected by simple 
techniques of hand panning existing exposures or perhaps by backhoe 
trenching. 


More sophisticated programs may similarly include a few preliminary "hand" 
samples to determine if a deposit has potential, but this work will be 
followed by systematic trenching or drilling. Final evaluation may include 
a bulk sample or scaled down pilot mining program using equipment similar 
to that contemplated for the final mining operation. Common methods of 
‘sampling are discussed in the following paragraphs. 


Existing Exposures 


Sampling stream banks, road cuts or old mine pit walls can give the 
_ investigator immediate results from a small investment of time and money. 
Although bedrock material may not be included in the sample and sampling 
locations may be unevenly distributed, this form of sampling can provide 
useful preliminary data. A few small samples can help determine if gold is 
present and provide a rough estimate of the values that may be expected. 
Samples are usually concentrated by hand panning or with a small sluicing 
device using simple gravity separation. 


Trenching 


Trenching may be done with either a backhoe or a bulldozer. In relatively 
shallow deposits, trenching with a backhoe is an effective and versatile 
sampling technique (Figure 5). Depending on the size of the machine, 
depths of up to 30 feet are attainable. It can be used to dig pits in 
selected locations in a reconnaissance program or as a _ detailed 
investigative tool to dig pits in a systematic grid pattern. Another 
valuable application is its ability to trench across the entire width of a 
stream drainage or parallel to the drainage as an aid in defining other 
physical characteristics of the deposit. 


The evaluator can either bulk sample the entire excavation or cut channel 
samples in the walls of the trench. Advantages of this form of sampling 
are the evaluator can: 1. observe physical characteristics of the alluvial 
material, 2. obtain a large and complete sample often including bedrock and 
3. if the trench remains open, take check samples at a later date. 
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Figure 5.- Backhoe trenching using a Denver Gold Saver to process and 
concentrate the bulk sample. 


These large-volume samples can be washed with small sluices, rockers or 
with small mechanical washing plants, such as the Denver Gold Saver (Figure 
5), which uses the basic principles employed on most production machines. 
The typical machine consists of a screening device for sizing gravel and a 
short sluice for concentrating the gold. Sluicing is often accompanied by a 
shaking action. Small washing plants weigh a few hundred pounds and can be 
hauled by trailer, truck or backhoe. Washing plants can be quickly and 
easily cleaned eliminating the danger of contamination from one sample to 
the next. . 


Bulldozer trenching is similar to backhoe trenching although efficient 
digging depth is limited to about 10 feet. An advantage is that larger 
samples can be obtained for bulk sampling or pilot-scale mining. 


Drilling 


Drilling is widely used for more detailed studies of placer deposits and 
especially in deep, wet or frozen ground where other methods are not 
Practical. Drill samples are relatively small and can be less 
representative because of their increased sensitivity to the nugget effect. 
The probability that a small diameter drill sample contains a true average 
number of gold particles is less than for larger diameter sample. However, 
the ability to sample deep and frozen deposits with relative speed usually 
outweighs this disadvantage. In addition, many economic placers currently 
being explored and mined are within larger river, gravel plain and beach 
deposits which contain fine gold in relatively uniform paystreaks. In these 
cases, small drill samples are more representative of the true values to be 
expected because of the more uniform distribution of fine gold usually 
‘present in these deposits. 


Drilling programs are usually employed only by larger companies because of 
their high initial cost both in equipment and transportion. This 
investment is quite often greater than the independent prospector/miner can 
afford. Drills can be mounted on a truck or track vehicle or pulled by 
bulldozers. An advantage of drilling is that it can be conducted during 
the winter months and used to delineate reserves for summer Mining. Recent 
technological advances have created a variety of fast penetrating drills 
for placer evaluation. Following are the most widely used drilling 
techniques. 


Churn Drilling - This is the oldest’and most widely used and accepted 
method of drilling placers (Figure 6). Percussion is used to drive casing 
through the alluvium and the sample is then chopped up (churned) using a 
chisel-shaped bit suspended from a cable. In frozen gravel, Casing is 
generally not required except for a few feet at the surface to keep water 
and debris out of the hole. After a run of a few feet, a sand pump is 
lowered into the hole to recover the sample. The sample is measured to 
determine volume, concentrated (usually with small sluice or rocker) and 
then hand panned to further reduce the sample volume. Compared to _ other 
drilling techniques churn drilling is relatively slow, but it is still 
considered the most accurate method of recovering samples by most experts. 


Rotary Drilling - The rotary drill is commonly used to drill blastholes in 
hard rock mining but it has also been applied to placer exploration. Drill 
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Figure 6.-— Nodwell-mounted churn drill sampling frozen 
bench deposit. Evaluator in left foreground is concentrating 
samples by hand panning. 


cuttings are forced out of the hole as the bit advances. Consequently 
sample volumes, accurate depth estimates and quantifiable grades are 
difficult to reliably assess. However, rotary sampling provides a relative 
idea of values and is particularly useful in providing other information on 
the physical characteristics of the deposit such as depth to bedrock. 
Another advantage of rotary drilling is its Capacity to drill a variety of 
material at very fast penetration rates. 


Reverse Circulation Drilling - Reverse circulation drilling is fast 
becoming an accepted form of obtaining a sample. This method employs a 
double walled pipe with an annulus between the inner and outer tubes. The 
annulus allows the introduction of air or water under pressure near the 
drill bit. Alluvial material penetrated at the bit is lifted upwards into 
the inner tube more or less continuously during the percussion driven 
penetration of the drill string. Penetration rates are far superior to 
churn drilling and very cost effective from a cost per foot Standpoint. 


Resonant Drilling - The resonant drill uses high-frequency axial vibration 
which produces a vertical stress component drilling action. In placer 
gravels, the transmitted vibration permits penetration by agitation and 
resorting particles at the bit face. Boulders and other competent material 
are penetrated by impact fracturing. Continuous rotation of the drill bit 
can also be superimposed on the vibrating motion to assist penetration. 
Samples are relatively undisturbed, and theoretically, .all particles 
including boulders and gold, are preserved in the order in which they occur 
in the deposit. This characteristic is particularly advantageous because it 
-permits detailed logging of the physical nature of the gravel and more 
accurate delineation of the auriferous gravel horizons. The core sample 
remains in the casing until the casing is pulled out of the hole. 
Penetration rates in sand and gravel can be as high as one foot per second. 


Seismic Surveys 


Depth to bedrock and bedrock configuration are important considerations 
when planning either sampling methods during exploration or in designing a 
mining method and selecting equipment. Seismic refraction or reflecton can 
be used to determine the location of bedrock under alluvial cover. This 
procedure involves bouncing sound energy off relatively more resistant 
bedrock to determine depth. However, seismic Surveys may produce erratic or 
misleading results in frozen ground. 


Magnetic Surveys 


Because magnetite-bearing, black sand deposits are commonly associated with 
gold concentrations, magnetometers are occasionally used to delineate 
relative concentrations or paystreaks. However, concentrations of black 
sand are usually not great enough to distinguish between normal bedrock 
variations in magnetic response. 
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PLACER MINING METHODS 


GOLD PROCESSING AND RECOVERY TECHNIQUES 


Recovery of placer gold from a relatively large mass of gravel is primarily 
a gravity seperation process utilizing water as a transporting and 
seperating media and also utilizing the specific gravity differential 
between gold particles and the remainder of the alluvial material. 


Gold Characteristics 


Gold particles become rounded and almost always flattened to some extent by 
the processes of erosion and stream transport. Particle size may vary from 
large, coarse nuggets to minute "colors." The farther the gold has traveled 
from its source, the smaller and flatter the particles become. Smaller and . 
flatter particles (fine gold) are easily buoyed up and carried long 
distances downstream, particularly in water containing much clay or talc. 
- Although fine gold is present in most deposits, relative percentages will 
increase farther downstream in low-energy, flat-gradient drainages. 


Fine Gold Recovery Problems 


Gravity recovery methods are based on the physical properties of minerals 
such as size, shape and specific gravity and the resulting action in 
flowing water. 


Size distribution of gold in placer deposits will vary widely. A study by 
Cook and Rao (1973) indicated Alaskan creek placer deposits contain from 
15 to 25 percent of the gold as minus 100 mesh in size. In contrast, they 
showed gold recoveries, in this same size range from selected placer 
operations, were O to 5 percent. They further determined that it was 
extremely doubtful that conventional sluice recovery systems were very 
effective in capturing gold particles less than 65 mesh in size and that 
recovery of particles up to 20 mesh in size was impaired if the gold is 
flattened. Cook and Rao (1973) also estimated that up to 25 percent of gold 
may be lost to tailings, as fine or flat particles in conventional sluicing 
operations, with a greater percentage loss estimated for river bar deposits 
farther downstream. Although there is no standard definition of fine gold, 
the definition by Cook (1983) of minus 20 mesh to plus 100 mesh will be 
adopted here. ‘ 


Although the specific gravity of gold is extremely high, particle shape and 
size have a significant effect on the relative settling velocities and 
consequently, the efficiency of gravity methods of recovery. Swift or 
clay-rich currents in a conventional sluice box can result in losses of 
fine, flat gold particles. The average particle weight of gold lost to 
tailings is lower than that in the heads because the gold particles in the 
tailings are flatter (Cook and Rao 1979). Classification (sizing) devices 
reduce the amount of water and associated higher velocities required to 
move larger gravel through a sluice box and increase the recovery Cieeciat. 
fine gold particles. 


18 


Sluice Recovery Methods 


Nearly all existing placer mining operations use a sluice for primary 
concentration and recovery. Transverse riffles are normally placed in the 
sluice box normal to water flow. Riffles are constructed out of a variety 
of materials. They may consist of wood, or more commonly, steel bars (often 
angle iron) or expanded metal. Riffles are often designed for easy removal 
and replacement to accommodate cleanups. 


Riffles perform three functions: (1) retard the movement of gold flowing at 
the bed of the sluice, (2) act as a trap to retain the settled gold, and, 
(3) further classify material in the inter-riffle space by separating 
particles by differences in specific gravity (Cook 1983). Water flows 
through the sluice in laminar layers with higher velocities towards the 
surface. A rough surface (riffles) on the bed of the sluice creates 
obstructions which decrease flow velocity. In addition, the riffles 
promote turbulent flow which increases the ability to carry sediments in 
suspension. Turbulence increases rapidly with increased flow velocity. 
According to Cook (1983), where velocity is lowered on the downstream side 
of a riffle, higher density gold particles settle out. The eddying motion 
in the inter-riffle space keeps material in a continuous state of 
agitation. Fine-grained, lighter sediments are removed and lifted by 
hydrodynamic forces supplied by the turbulence and by impact from other 
particles. Coarser sand and rocks slide and roll along the bed as a result 
of mechanical drag and push of the turbulent water flow. 


Successful gravity separation, where maximum gold recovery can be balanced 
with maximum gravel throughput, occurs when the feed, slope and width of 
‘the sluice and the amount of water used are at optimum proportions (Colp, 
1979). Several variables affect the equation, such as the physical 
characteristics of the gravel and the gold or the quantity of water 
available or required to move the material through the sluice. No standard 
procedure exists to achieve an optimum recovery situation. 


The grade or slope of the box is generally between 1 and 1.5 inches drop to 
1 foot of box length (Colp 1979). This depends on the character of the feed 
gravel to be moved and the amount of water available to move it. Large, 
heavy material will require a steeper grade (increased velocity) and deeper 
flow of water and conversely smaller or preclassified and lighter feed 
material requires the opposite conditions. The sluice is preferably 
designed to accommodate slope adjustment. 


Box width is also related to the volume of water, slope of the box and 
character of the gravel and gold. If the sluice is wide the water depth may 
be shallow and more conducive to fine gold recovery, but sanding may also 
occur. If relatively narrow, the depth of water and velocity will increase, 
facilitating transport of coarse material. Coarse gold will be recovered 
but fine gold may not have a chance to settle to the bottom. 


The length of the box must be sufficient to thoroughly wash the gravels and 


allow the gold space to settle out. A majority of the gold will be 
recovered at the head of the box. The longer the box the more gold, and 
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particularly fine gold, will be recovered. This has practical limits as 
increasing the length decreases the ease of mobilizing and resetting the 
system, and increases cleanup time. 


Constant feed rates are required. Surging of the feed causes the bottom of 
the sluice to alternately sand up or be washed clean reducing efficient 
gravity separation. Also, a steady and preferably adjustable water volume, 
"tuned in" to these parameters, will help maximize gold recovery. 


The gravity separation process is more efficient when the feed is 
Classified (sized). Density differences are magnified when the gold and 
other sediment particles are more closely sized. The sluice can 
subsequently be designed to accommodate moving finer-grained material and 
enhance fine gold recovery. Some classifiers are equipped to scalp off 
large boulders and gravel, and may also separate two or more size ranges. 
Different sized material can then be channeled into separate sluices 
designed specifically for that size range. 


Undercurrents are an in-sluice sizing device. Undercurrents usually consist 
of a punchplate with small (generally about 3/8 inch) holes arranged in 
Staggered rows. The punchplate is usually placed at the head of the sluice 
allowing. fine material to drop below. Ideally, the fine material is 
channeled into another sluice specifically designed for recovering fine 
gold. 


Fine gold recovery is also increased by placing plastic indoor-outdoor 
carpet or similar matting on the bed of the sluice. The fibers of the 
carpet create a safe lodging place for fine gold. 


Specialized Recovery Devices 


If a large percentage of the gold in a deposit is fine, it may be 
economical to use more efficient devices to improve its recovery. Several 
alternative devices have been developed to provide for fine gold recovery. 
Specialized recovery devices include jigs, pinched sluices, cones, spirals, 
bowl concentrators, cylindrical concentrators, tables, belt concentrators 
and cyclones. All the devices rely on gravity or centrifugal force to 
accomplish concentration and require a limited range of presized material 
to achieve optimum recovery. A few of these devices, especially jigs and 
spirals, are employed in opencut mines either as the primary concentrator 
or as an addition to the recovery circuit for processing classified feed 
from the sluice plant. 


These devices require a significant capital investment for purchase, 
installation, operation and maintenance. To determine the need for 
acquiring a specialized recovery device, the operator must first know what 
amount or proportion of gold is being lost to the tailings. The economics 
of purchasing an improved device is then weighed against the monetary gain 
from improved recovery, or simply applying relatively inexpensive 
improvements to the sluice design. 


Sluicing plants have a relatively low capital and operating cost and 
require only a moderate amount of relatively unsophisticated maintenance. 
In addition, sluices can also be operated earlier and later in the mining 
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season, where the use of jigs and spirals is often curtailed (Peterson 
1986). Without additional investment in heating devices, additional piping 
for ore slurries and water will become inoperable during freezing 
conditions in late spring and early fall. 


According to Mildren (no date), specialized recovery devices can be roughly 
divided into three basic groups: 1. large volume, high capacity units where 
processing of large volumes are required, 2. medium capacity units for 
handling moderate volumes, and 3. low Capacity devices for upgrading 
primary concentrates or handling low-volume, high-value material. Low 
Capacity devices are often used in sluice concentrate cleanup and final 
gold separation in opencut mining operations. Often, some combination of 
the three types are utilized for efficient recovery. Operating principles 
.of the most widely employed equipment are described below. 


High Capacity Equipment 


Jigs are the most commonly used device. The conventional jig is an open, 
water-filled tank with a screen near the top. The tank usually has several 
compartments with a spigot on the bottom for collecting and removing 
concentrates, Mechanical diaphragms or plungers create vertical pulsations 
in the water as the slurry is fed over a layer of coarse, heavy particles 
(often steel shot) held by the screen. This action takes advantage of 
settling velocity differences and causes a separation of heavy minerals 
which migrate downward while the lighter minerals are carried away by cross 
flow. It is one of the most efficient Separators for material in the 1 inch 
to 100 mesh size range (Mildren, no date). Jigs can process from 1to 75 
cubic yards per hour, and are often used in series to create a 
progressively more concentrated product. 


Other high capacity devices are the Spiral conncentrator, the Reichert 
Cone, the pinched sluice and the Wright Impact Tray. Spirals and cones are 
most often used. In the spiral concentrator (Figure 7), the feed slurry is 
introduced into a vertical spiral channel where the minerals begin to 
settle and classify. The heaviest particles move to the inside path and are 
split off into collecting ports. Spirals can recover gold particles down to 
325 mesh size. The few spirals used in Alaska, concentrate sluice tailings. 
The Reichert Cone (Figure 8) is based on the pinched sluice principle where 
the ore slurry is crowded into a progressively marrow opening. Gold 
migrates to the bottom forcing lighter minerals up. The slurry is 
discharged in a segregated flow and the heavy gold concentrate is split 
off. 


Medium Capacity Equipment 


Equipment in this group includes bowl concentrators (including centrifugal 
amalgamator), hydrocyclone, Bartles-Mozley table, Johnson-type cylinder, 
plane table and riffle table. Most of these devices were developed outside 
the United States, where placer deposits are being mined and processed for 
various other heavy minerals, such as rutile, ilmenite, zircon, cassiterite 
and diamonds (Mildren, no date). Although this group of equipment is less 
appropriate for high-volume placer operations, according to Mildren (no 
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Figure 7.- Spiral concentrator. 
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Figure 8.- Reichert cone concentrator. 





date), processing of moderate volumes may be economically feasible in 
relatively rich deposits or in isolated areas where transport of equipment 
or scarcity of water are problems. 


Bowl concentrators are most often used in the United States placer 
industry, either installed in a processing circuit (usually to treat sluice 
effluents), or to aid final cleanup of conventional sluice concentrates. A 
spinning motion is imparted to the bowl and the feed is accelerated to the 
periphery. Heavy minerals are retained in peripheral riffles or ana 
recessed channel (amalgamator). Lighter material continues up and exits 
over the rim of the bowl. Hydrocyclones are also increasingly used by the 
placer gold industry. As ore slurry is fed under pressure into a stationary 
cone-shaped bowl, it is transformed into spiral flow where centrifugal 
acceleration causes particles to separate according to size and density. 
Although they are effective concentrators of fine gold, they are often used 
in conjunction with high capacity units for material size classification 
and preconcentration of minus 10 mesh heavy minerals. 


Low Capacity Equipment 


In addition to the previously described bowls and the Denver Gold Saver, 
other small capacity equipment is often used to separate gold from mine 
“concentrates. Commonly used devices in this group are the spiral 
concentrating wheel and concentrating table. 


The spiral concentrating wheel is a nearly flat bowl with an adjustable 
angle (Figure 9). A molded rubber mat covers the bottom of the bowl and 
consists of spiraled riffles. The riffles lead from the perimeter of the 
bowl to a hole in the center. The bowl is set at the desired pitch and 
presized concentrates are placed in the lip at the bottom edge of the bowl. 
As the bowl revolves, heavier particles are carried vertically up the 


riffles and into the hole in the center. 


Concentrating tables consist of a tilted rectangular table with 
longitudinal riffles. The deck is given a reciprocating longitudinal action 
by means of a vibrator mechanism. The feed immediately fans out when it 
contacts the deck. When the feed reaches the riffles, lighter particles are 
washed over and heavy minerals are caught and moved along the riffles to 
the end of the deck by the motion of the table. Table tilt and water flow 
are adjustable. Because the operator can observe the process, he can adjust 
the table angle, water volume and feed rate for best results. 


Testing For Fine Gold Loss 


Although some authorities estimate sluice recovery from 60 to 85 percent, 
with most losses in the fine gold fraction, in some instances, fine gold 
may represent only a very small fraction of the gold in a deposit and may 
not warrant concern. Even if a significant portion of fine gold is present 
in a deposit, enough coarse gold may be recovered to make the operation 
economically viable. To analyze the economic benefits of improving a sluice 
system or using alternative recovery technology in order to increase fine 
gold recovery, the actual size distribution of gold particles contained in 
the deposit must be known. In the past, most analyses were conducted using 
field techniques comparable in efficiency to mine recovery systems. This 
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Figure 9.- Feeding a screened fraction of sluice concentrates into a spiral 
wheel concentrator. 


did not give a realistic evaluation because of probable fine gold loss as a 
result of inefficiencies of the test recovery system. Some operators, 
however, conduct periodic sampling of the tailings in conjunction with size 
distribution analysis of gold recovered which will indicate how excessive 
losses may be. For a detailed study on testing techniques and recovery of 
fine gold, the reader should consult Cook and Rao (1973). 


HISTORICAL REVIEW OF MINING METHODS 


Placer mining was widely conducted in the western United States during the 
last half of the 19th century and in the early part of the 20th century. 
Placer mining by simple hand methods, using rockers and sluices, began in 
the 1870s in Alaska and progressively increased with the discovery of new 
districts and with the advent of larger-volume mining methods. By the turn 
of the century and up to World War I, ground sluicing, booming, 
hydraulicking and drifting in frozen ground had become popular mining 
methods. Conditions peculiar to Alaska such as, frozen deposits, adverse 
climate and a short mining season, allowed mining only the more easily 
accessible and richer deposits. After World War I, the less labor-intensive 
method of dredging had also found its application in Alaska. Dredging is 
discussed in a following section on current mining methods as it is still 
commonly used today and the basic principles and techniques are unchanged. 


According to Wolff (1959), in the 1930's, development of diesel 
-engine-powered bulldozers, draglines and portable centrifugal pumps 
provided improvements in gravel moving capabilities and further development 
of opencut/sluicing mining methods. In addition to less cumbersome methods 
‘of removing overburden or upper gravel layers, the bulldozer or dragline 
was commonly used to haul paydirt to the sluice or other recovery plant. 
The increased ripping power of the bulldozer also facilitated more 


efficient excavation of bedrock material. Mechanized equipment 
substantially increased the capacity to remove and stack tailings below the 
sluice. The use of this equipment also significantly reduced the large 


water requirement of earlier mining methods. Centrifugal pumps often 
eliminated costly ditch and reservoir construction and allowed 
recirculation of water in water scarce areas. 


According to Wolff (1959), with the addition of versatile diesel equipment 
to the placer mining industry came the evolution of mobile, 
steel-constructed, skid or track-mounted washing and recovery plants. By 
World War II, a hopper set at the head of the sluice was often used which 
could receive feed gravels by dragline. Sluiceplates also came into use 
which allowed a bulldozer to push feed directly into the sluice. More 
easily adjustable water systems were developed using pumps, pipe and 
manifold spray bars to introduce water and initiate disintegration and 
slurrying of the paydirt. Immediately prior to World War II, Alaska was the 
leading gold producing state with an annual yield of nearly 750,000 ounces 
in 1940, most of which came from placer production (Peterson, et al. 1986). 
Gold mining was declared nonessential to the war effort, and nearly all 
placer mining stopped during World War oe 


By the 1960's, inflation and the fixed price of gold had slowed the placer 
mining industry in Alaska to a near standstill. In 1971, because the price 
of gold began to increase, the industry began a significant resurgence and 
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newer mining methods employed backhoes, frontend loaders and scrapers in 
combination with bulldozers to haul and load paydirt and remove tailings. 
According to Peterson, et al. (1986), in the late 1970s, several hundred 
placer mines were operating and by the 1980s, over 500 were in production. 


The advantages of material classification were generally recognized and 
systems from simple steel rail "grizzlys" to trommels and vibrator screens 
were added for rough classification by removing boulders and cobbles. 
Stacker conveyor belts were used on more plants to remove the oversize 
material from the classifier or to feed paydirt into the sluice or recovery 
plant. By the mid-1970s some operations were using settling ponds below the 
sluice, often for purposes of recirculating water and to help alleviate 
water quality problems. 


The relatively recent use of mechanized machinery created much more 
efficient mining methods. This was necessary to mine increasingly lower 
grade deposits. In recent years, mobile, self-contained washing and 
recovery plants of all sizes have become common in many placer districts. 
These plants are mounted on skids, crawler tracks or tires. They usually 
contain some form of preclassifying equipment, a primary sluice, possibly 
other specialized gold recovery devices, and often conveyor stackers. 
According to Peterson, et al. (1986), much of the innovation in placer 
mining methods since the mid-1970s, and especially over the past 5 years, 
has been largely directed towards improving and modernizing the recovery 
system to more efficiently process and classify gravels, reduce water use 
and increase recovery of fine gold. 


In recent years, many placer mining operations have adopted technological 
‘advances for water quality control. The addition of equipment for size 
classification and for fine gold recovery has resulted in a reduction in 
the amount of water used and consequently less water for treatment and 
removal of sediment content. Settling ponds constructed to treat mine 
operation effluent are currently required and many mines recirculate wash 
water - further reducing the amount of clear water used by as much as 50 
percent. 


Although seldom used today in commercial operations, pre-World War I 
methods of mining are described in the following paragraphs. 


Rocker 
Besides handpanning, this is the simplest method of washing and 
concentrating placer gravels or sluice concentrates. The rocker is 


relatively small and consists of a frame with rockers onto which a_ short 
sluice and a screened hopper or washing box are assembled. Gravel is 
shoveled into the hopper. The short sluice section, usually containing 
riffles, retains the gold. A rocker handle is attached to assist in the 
concentration process by manually. rocking the whole unit back and forth 
while adding water with a ladle or small hose. This method is often used 
today to concentrate small drill samples. 


27 





Simple Sluice 


This concentrating device has been widely used in most mining methods and 
washing plants up to the present day. In its simplest form, the sluice is 
a rectangular trough fitted with some form of transverse or lateral 
riffles. The riffles create an eddying and boiling effect causing the 
heavy gold particles to settle out and lodge in the protective cover of the 
riffle. In the past, burlap or canvas was laid under the riffles to assist 
in capturing the gold particles. The miner situated the sluice on the 
ground, introduced water for washing, adjusted the grade to most 
efficiently move the material through the box, and shoveled the paydirt 
into the box. 


Ground Sluicing 


This method is capable of processing much more material than simple 
sluicing but also requires considerably more water. A trench is excavated 
to bedrock along one side of the lower end of the deposit. A stream of 
water is then directed through the trench from a dam constructed upstream 
or by flume or pipe. The stream flow is directed to undercut the bank 
material. Paydirt may also be picked and shoveled into the stream. Natural 
depressions in the bedrock serve to concentrate and capture the gold. A 
Sluice is commonly used to further concentrate the ground sluice 
concentrate. Another method also uses a sluice downstream to capture fine 
gold not trapped on bedrock. 


Booming 


This method is an alternative to ground sluicing employed where water is 

scarce. A dam equipped with a gate is constructed upstream. At certain 
‘intervals the gate is opened to allow a sudden rush of water to wash the 
gravel over bedrock. Often the gate is constructed to operate 
automatically whereby a certain depth of water in the impoundment will 
trigger its opening. 


Hydraulicking 


This is a relatively inexpensive method of working placer deposits and in 
the past, it was used in large-scale operations, processing up to several 
thousand cubic yards a day. A jet of water discharged under high pressure 
from a nozzle ("giant" or "monitor") excavates and "caves" the gravel banks 
by water impact. The gravel is transported by the water current to a 
sluice for concentration and recovery of the gold (Figure 10). Large 
amounts of water are required. The environmental damage created by 
hydraulicking has resulted in it being phased out or banned in most areas 
of the United States. 


Drift Mining 
Rich paystreaks in frozen deposits were mined by underground methods 
avoiding the need to handle valueless material or overburden. The paystreak 


was either accessed by sinking shafts and hoisting material from above or 
adits were used on some bench gravels to tram the paydirt. The paydirt was 
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Figure 10.- Hydraulic mining. Miner is using giant spray to wash feed gravels 
into the throat of the sluice. (Photo courtesy of Professor Donald J. Cook. ) 


sluiced in aboveground facilities to recover the gold. This method could 
be conducted during winter months but required thawing and rehandling the 
paydirt prior to processing in the summer. 


CURRENT MINING METHODS 


Placer mining is essentially an excercise in cyclical earthmoving 
involving: 1. excavation, transportation and stockpiling overburden and 
low-value gravels; 2. excavation and transportation of paydirt to the 
processing and recovery system; 3. processing the paydirt to recover the 
gold; 4. removal and storage of tailings, and 5. reclamation work 
consisting largely of backfill of tailings and stockpiled overburden and 
soils. 


Opencut mining operations are different from one mine site to the next and 
can only be characterized on a site-specific basis. Although there are many 
Similarities it can probably be stated that no two mines are identical. 
Several factors which are often interrelated dictate the mining, processing 
and recovery methods used at any particular mine site. These factors 
include the following: 1. deposit depth, width, overall volume and grade; 
2. local topography and location of the deposit; 3. amount of water 
available for operations; 4. amount and type of overburden to be removed; 
5. existence of frozen or thawed ground; 6. size and shape of gold 
particles; 7. excavating, processing, and recovery equipment available, 
and 8. environmental regulations and requirements concerning wastewater 
treatment, disposal of overburden and tailings, and reclamation. 


The size and scale of mining operations varies with the size of the 
deposit, the type of equipment used and the number of people employed. A 
- generalized version of mine size categories established in the EPA's 1985 
placer mining effluent guidelines is used in this manual. Small-scale 
operations are classified as those processing less than 20 cubic yards per 
day. Large-scale operations range from 20 cubic yards to 4000 cubic yards 
per day. Other than large floating dredges, few operations process more 
than 4000 yards of gravel per day. 


Excavating Equipment 


Equipment selection and utilization play a large role in the mining method 
employed. Knowledge of each type of equipment'’s specific attributes and 
Suitability to perform a particular task is fundamental tto understanding 
mining methods encountered in the field. Excavating equipment at any 
particular mine may consist of one type or a combination of several types 
including: bulldozers, frontend loaders, drag lines, scrapers, backhoes, 
dump trucks, hydraulic giants and dredges. Dredges will be discussed as a 
separate mining method in a later section. Following is a discussion of the 
mechanized excavating equipment capabilities and uses: 


Bulldozer —- It can be utilized in all phases of the mining operation such 
as overburden removal, excavation and hauling of paydirt, feeding the 
recovery system, bedrock excavation, road construction, tailings removal 
and stockpiling, recontouring reclamation and positioning the recovery 
system. It can excavate, haul and feed the paydirt all in one cycle 
eliminating rehandling. It can also excavate frozen ground because of its 
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combination of good breakout force, ripping capability, and traction. 
Disadvantages are its inability to economically excavate to excessive 
depths or push material in excess of 500 feet. 


Frontend Loader - Its primary use is in hauling previously excavated and 
stockpiled gravels and loading the recovery plant and removal of tailings. 
A primary disadvantage is it is restricted to excavation of relatively 
loose bank gravels because of its limited breakout force. Loaders are 
either crawler or tire mounted. Tire-mounted units can economically haul 
material for distances of up to 1000 feet. Their versatility also makes 
them useful for paydirt and overburden hauling and overburden reclamation 


work. 


Backhoes —- The backhoe is a very efficient machine for selective bedrock 
cleanup. Because it has no capacity for hauling material beyond its swing 
diameter, it is often used to feed stockpiled gravel or excavating paydirt 
in conjunction with a portable recovery plant. They are also effective in 
cleaning slimes from settling ponds, digging drains, digging sumps for pump 
installations, and working in confined mining areas. 


Draglines - Although draglines are not as common as the machinery described 
above, they are well suited for excavating large quantities of overburden 
and paydirt, stockpiling material, loading the recovery system, removing 
tailings and cleaning out settling ponds. With booms up to 70 feet long, 
they are capable of acting as the single piece of mining equipment. They 
are often employed with deep deposits containing large reserves and are 
commonly used in dredging operations. Disadvantages to open cut mining 
include inefficient bedrock cleanup and inability to handle difficult 
digging situations. 


Scrapers - Scrapers are noted for their speed and high productivity and are 
primarily utilized for hauling overburden, paydirt and tailings. Because of 
their limitations in excavating consolidated or unsorted material, a 
bulldozer is used for initial excavation. The nature of their dumping 
mechanism also limits their ability to directly feed the recovery system 
and another type of equipment is usually required for this operation. 


Dump Trucks - Trucks may be used for hauling overburden, paydirt, and 
tailings. Trucks require other loading equipment and are used in large 
mining operations requiring large volume and long distance hauling. 


Hydraulic Giants - Utilizing giants to excavate material was commmon years 
ago but is relatively rare if not nonexistent today. Their use will not be 
repeated here except to say that in some operations they are used to remove 
overburden and sometimes to prewash and slurry sluice feed. 


Processing Equipment 


After excavation, paydirt is sent through a processing and recovery system 
to concentrate and remove the gold. The basic principles used to separate 
and concentrate gold in the recovery system are the same as that used by 
the stream in the original concentration in the placer deposit namely, 
natural phenomenon such as gravity, size classification, turbulent fluid 
flow and specific gravity. Gravels are processed by mixing with water to 
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create a slurry. Larger gravel is often prescreened and the slurry is sent 
over the sluice or other recovery device to capture the gold. The finer and 
lighter material in the slurry continues on and is discharged from the 
system as tailings. 


The most widely used recovery devices are: water pumps, sSluices, feed 
hoppers, conveyor belts, stationary screens (grizzlys), trommels and 
vibrating screens. 


Water Pumps - Water is required to wash the gravel and initiate slurrying 
of the feed. In the past, water was introduced by ditches, using natural 
slopes and water pressure. This has largely been replaced by diesel engine 
centrifugal pumps and plastic, aluminum or steel pipe. Water is pumped to a 
giant nozzle at the head of the recovery system or through a manifold with 
several small-diameter outlet nozzles. Water emerging from a manifold 
system has high discharge velocities and is very effective in breaking down 
and slurrying the feed material. Pumps are also utilized to recycle 
settling pond water. 


Sluice - Nearly all mining operations in Alaska use the sluice box as the 
primary concentrating device. Sluice design is usually diverse and may be 
quite complex. In general, capacities and performance vary with box slope, 
width, length, gold particle size, physical nature of the feed and 
availability and amount of water used. Sluices are capable of processing 
poorly sorted gravels and may also be used for rough concentration .in 
conjunction with other specialized recovery devices. Gold recovery is very 
dependent on the degree of previous size classification. 


Sluices are often used as the only recovery unit and may be situated on or 
above bedrock. In some operations paydirt is still loaded directly into the 
head of the sluice without sizing. In most cases, paydirt is loaded through 
a feed hopper or size classifier. 


Feed Hoppers - Hoppers are essentially a tapered box which may feed the 
recovery system directly or load a conveyor belt which in turn feeds the 
recovery plant. Hoppers are generally designed to hold enough material to 
provide a steady, nonsurging flow of gravel to counter the surges inherent 
in equipment loading cycles. 


Conveyor Belts - Conveyors provide a simple and efficient method of 
transporting large quantities of material over fixed distances. Conveyors 
also provide a constant rate and volume of feed to the recovery system. 
They may be portable to accommodate moving around the mine site to follow 
the progressing excavation of paydirt. Conveyors are also employed to 
remove and stack oversize material. In this instance, the waste material 
may be directed into a previously mined cut, eliminating the need for 
removal by another piece of equipment. 


Stationary Screens - Usually known as grizzlys, stationary screens consist 
of steel bars or rails constructed a fixed distance apart, They may be 
fixed with a divergent downslope configuration to more efficiently reject 
oversize material. The screen is set at an angle so rocks will slide off 
and away from the recovery system. Grizzlys are set directly over the head 
of the recovery system or feed hopper. 
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Trommels - Trommels consist of a rotating and slightly inclined cylinder, 
commonly divided into two sections. The first consists of a scrubber 
section containing lengths of steel rails fastened longitudinally to the 
inside of the rotating drum. The rails lift the feed and assist in 
disintegration and slurrying. The second contains one or more cylindrical 
screens allowing the fine material to drop through and continue on to the 
recovery system. The rotational movement assists working undersize 
particles through the screen. 


Vibrating screens - Vibrating screens are used for primary or secondary 
size classification. They consist of a screen deck or a series of decks for 
different sizes. The whole unit is vibrated to assist disintegration of 
the feed and working the smaller material through the screen. Screens 
consist of woven wire, parallel bars or punched sheet metal. 


Small-Scale Operations 


More leisure time and interest in outdoor activities over the past two 
decades, as well as a dramatic increase in the price of gold, has lead 
increased numbers of people to experiment with placer gold mining and 
occasionally to go into small-scale production. Gold nuggets have lured the 
novice to expend considerable effort and money in this quest often with no 
consideration for earning a profit, but rather for pure personal pleasure 
and satisfaction. 


‘However, placer mining can be conducted effectively and profitably on any 
scale. Small-scale operations are usually restricted to shallow gravel 
deposits in gulches and creeks because of the limited capacity of the 
excavating equipment and techniques used. The novice or "weekend 
prospector" commonly uses simple techniques of manual mining such as_ hand 
panning, rocker boxes and small sluices. 


Small, floating suction dredges are often used. These consist of a pump, 
Suction hose, anda riffled sluice box situated on inner tubes or some 
other form of floating platform. The operator directs the action of a 
suction hose to vacuum fine-grained sand and gravel around boulders and 
crevices or other natural gold traps below the water surface. The material 
is sent over the sluice to capture the gold. This form of mining takes 
place in active stream channels and requires clear water so the operator 
can most advantageously direct the action of the hose. 


Small, self-contained washing plants such as the Denver Gold Saver are 
often used. They can be trailered or hauled by truck close to the mine 
site. Gravels are usually hand shoveled as typical plants can only handle 
up to 3 cubic yards of gravel per hour but a small backhoe or frontend 
loader may also be employed. 


Small skid-or tire-mounted, scaled-down versions of larger plants 
(described in the following section on large-scale methods) are used in 
more serious production and profit-oriented operations (Figure 11). 
Smaller equipment may also be used in conjunction with bigger operations to 
mine small sections of shallow gravel at the margins of the deposit. 
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Figure 11.- Small, portable plant mining margins of large-scale operation's 
mine cut. 


Large-Scale Opencut Operations 


Opencut mining methods involve progressive excavation of blocks of ground. 
Mining usually proceeds in an upstream direction. In larger, wider 
deposits, several successive blocks may be cut laterally across the stream 
channel before proceeding upstream to begin a new succession of cuts. 
Vegetation, overburden and low-value gravels are first removed to 
facilitate mining. Removal of overburden also allows exposure of frozen 
paydirt to solar radiation for thawing. 


If necessary, the active stream channel may be diverted at the onset of the 
mining season or later as mining progresses. Screened oversize material and 
tailings slurry (effluent) from the recovery plant are backfilled or 
directed into previous mine cuts as the mining operation proceeds. Settling 
ponds are usually constructed in a backfilled tailings area to receive 
effluent. Waste material from the first cut may be stockpiled on the valley 
slopes at the deposit margins or in other areas downstrean, preferably not 
on ground scheduled for mining (Figure 12). Initiation of a new cut and 
resetting of the recovery plant are required once the economic haul 
distance of the earthmoving equipment is maximized. 


Opencut mining methods are: 1. sluicebox on bedrock; 2. sluicebox above 
bedrock, and 3. mobile, self-contained processing and recovery plants. 
Classification is made according to the position of the sluice box relative 
to bedrock with each successive type Showing a relative degree of 
increasing sophistication and efficiency. Mining methods used in each 
classification are generally the same regardless of the size of the 
operation and equipment used. 


In the sluicebox on bedrock arrangement the sluice is set at bedrock level 
‘and a bulldozer usually excavates and pushes the feed into position at the 
head of the sluice (Figure 13). Giants or spray bars are used to wash the 
gravels through the sluice. Constant use of a piece of excavating equipment 
is required for tailings removal, because without continual removal 
tailings will pile up and choke the outlet of the sluice. This method does 
not lend itself to preclassification of material or specialized recovery 
systems and is consequently less efficient in fine gold recovery. 


In the sluicebox above bedrock arrangement the sluice and other washing and 
recovery equipment are situated on gravel ramps or a metal framework. 
Sluices on ramps are used in conjunction with a sluiceplate which is 
essentially a steel box tapered on one end to attach to the head of the 
Sluice. The sluice and sluiceplate are commonly fabricated in a single 
skid-mounted unit. Paydirt is fed over the side or upper end of the 
Sluiceplate (Figure 14). 


The elevated sluice is fed by a hopper and is usually equipped with a 
grizzly or other size classification device (Figure 15). The hopper may be 
fed by any type of equipment capable of lifting the paydirt. Elevated 
Sluices are often mounted on skids to facilitate moves. The size of these 
operations varies from throughput capacities of a few tens of cubic yards 
to several thousand cubic yards of gravel processed per day. 
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Figure 12.- Possible opencut mine design showing placement of materials and 
sequence of cuts. 
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Figure 13.- Wood sluice on bedrock. Note hydraulic spray above wing deflectors 
at head of sluice. (Photo courtesy of Professor Donald J. Cook.) 
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Figure 14.- Sluiceplate feed to sluice. Feed is broken up 
and slurried with manifold spraybar at right. (Photo 
courtesy of Professor Donald J. Cook.) 
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Figure 15.- Elevated sluice fed by dragline. (Photos courtesy of Professor 
Donald J. Cook.) 


The mobile, self-contained processing and recovery plants provide mobility 
and flexibility increasing efficiency in mining and tailings disposal. The 
plant consists of a feed hopper, classifying device (usually trommels or 
vibratory screens), sluice(s) or other specialized recovery devices. 
Conveyor belts are often used for removal and stacking of oversize 
material. This system also requires lifting of the feeds (Figure 16). 
Plants are mounted on tires, crawler tracks, or skids accommodating quick 
and efficient moves. This mobility facilitates a short-haul distance of the 
paydirt and also helps to keep tailings handling to a minimum. Plants are 
often equipped with hydraulic lifts to facilitate quick leveling of the 
plant after each move. 


A recovery plant fed by a backhoe, such as the plant shown in Figure 16, 

may process up to 100 cubic yards per hour. Long cuts are excavated with 
the backhoe parallel to the stream direction (Figure 17). The recovery 
plant is pushed ahead with the backhoe after excavating short (maximum 
reach of the backhoe) sets in the cut. Oversize material and sluice 
effluent are directed back into the previous cut, reducing material 
handling. The first cut is made on one limit of the deposit and doubles as 
a bedrock drain for mining effluent. 


Floating Dredges 


Large dredges are employed on relatively flat and water-saturated river, 
gravel plain, beach, and offshore deposits. Because dredges can process 
large quantities of material they can economically mine relatively 
low-grade material. Dredges operating in Alaska use bucketlines to excavate 
paydirt and feed it to the treatment plant (Figure 18). The mechanism 
consists of a line of heavy steel buckets on an endless chain supported by 
a steel-framed dredging ladder. As the bucket-line progressively excavates 
through a deposit, it carries the pond on which it floats forward (Figure 

19). Oversize material is discharged via a conveyor belt stacker. After 
gold recovery the slurry effluent is discharged back into the pond usually 
over the stern to backfill. The recovery plant is housed onboard the 
floating platform. 


Dredges are best suited for loose ground with few large boulders. In frozen 
ground thawing is necessary. Thawing is accomplished .by driving pipes 
(steam points) into the ground and introducing steam or by circulating cool 
water through a network of pipes and points. 


Bucketline dredges have been used in Alaska since 1899. By 1940, 52 dredges 
were operating. After World War Il operating costs made several of the 
dredge operations unprofitable and only 30 units were reactivated. In 1986 
only six dredges were in operation. 


Dry Mining and Recovery 


Gold has been recovered from auriferous gravels in arid districts, such as 
the southwestern United States, where water was not sufficient for wet 
recovery. Other methods were developed which use moving air or wind as the 
medium of separation. Even under favorable conditions however, a dry 
concentrator will recover 10 to 15 percent less gold than a wet process 
(Wilson 1961). This is because the relative weight of gold is about 1.5 
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Figure 16.-— Mobile, self-contained processing and recovery plant. 
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igure 18.- Bucketline dredge. (Photo courtesy of Professor Donald J. Cook.) 
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Figure 19.- Dredge path design. (Adapted from Macdonald 1983) 


times greater in water than in air. Dry recovery is usually effective on 
relatively rich deposits and commonly by small-scale methods. Successful 
large-scale applications are uncommon. 


The simplest dry recovery machine is an air jig. The jig consists of a 
screen for presizing the feed, a feed hopper, a riffle board (sluice) with 
a wire mesh and fabric floor to allow passage of air and a bellows 
installed beneath the sluice section. Material flowing on to the riffle 
board is concentrated .by upward pulsations of air through the fabric from 
the bellows. The intermittent puffs of air cause lighter material to jump 
the riffles and continue down the box and heavier minerals are captured 
behind the riffles. The riffle board is usually set at a Steep angle, up to 
25 degrees, to facilitate movement of the feed. 


The pneumatic table or air-float separator is a device normally used to 
upgrade preconcentrated material. This device has a laterally oscillating 
deck that can be inclined longitudinally and laterally. The deck is covered 
with a porous cloth or metal. Air is introduced into a distribution chamber 
by a blower fan and is passed under pressure upward through the deck cover. 
Adjustment can be made to the air volume and pressure, lateral and 
longitudinal incline and the speed of deck oscillations. 


As the dry feed is introduced at a corner of the downslope end of the deck, 
air passing through the porous deck forms a pneumatic cushion. The 
particles rest on the air cushion and become fluid-like. Heavy minerals 
concentrate at the bottom and lighter minerals are displaced, forced upward 
-and kept in a state of fluid suspension. Lighter particles gravitate down 
the slope of the table by the shortest route. The Sideways vibratory action 
of the table causes heavy minerals to move upslope and discharge on the 
high side of the table. 


Gold Cleanup Methods 


In sluicing operations, washing and recovery is stopped periodically to 
remove the concentrate. In operations using more than one sluice it may be 
possible to divert the flow of slurry from one or more sluices during 
cleanup and avoid interruption. If jigs or other specialized recovery 
devices are used in the recovery system, concentrates can be removed on a 
continual basis and may not require shutdown. Depending on the care taken 
during cleanup, loss of previously captured fine gold can occur. 


Although individual technique varies, sluice cleanup begins with careful 
washing and removal of the riffles, Starting at the head of the sluice(s) 
and working down. A tank or other receptacle is placed at the tail of the 
Sluice to collect the concentrate. If Carpets are employed, they are 
carefully rolled up and washed in the tank (Figure 20). The concentrate is 
then subjected to various methods of concentration. 


Hand screening or multiple-deck vibrating screens may be used to produce 
various size fractions to facilitate more efficient concentration of the 
gold. As the concentrates commonly contain abundunt magnetite, hand magnets 
or low-intensity magnetic separators may be used to remove the magnetite 
and reduce the volume. 
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Figure 20.- Washing indoor-outdoor carpet at cleanup time. 


Separation of the gold in some operations is still performed by a 
combination of hand panning or miniature sluices. The concentrate is then 
dried and hand picked or gangue minerals are winnowed out .by blowing on the 
concentrate. Currently, more sophisticated recovery devices are often used. 
These may include previously described bowl concentrators, Denver Gold 
Saver, spiral concentrating wheels and concentrating tables. 


Concentrates are commonly amalgamated to recover fine gold. Wet 
concentrates are rolled in an amalgam barrel with mercury. The gold may not 
amalgamate if tarnished with magnesium or iron oxides and may require’ the 
addition of lime, sodium hydroxide or nitric acid. Heat is applied to the 
amalgam to evaporate the mercury or nitric acid is used to dissolve the 
mercury leaving a gold sponge. 


Mine Development and Reclamation Work 


Other earthmoving operations typically required are discussed below. 
Several operations deal with preservation or reclamation of the 
environment. Details of environmental procedures and their effects are 
described in following chapters on water quality and reclamation. 
Operations include road and airstrip construction, camp construction, 
overburden removal, tailings disposal, settling pond construction and 
maintenence and reclamation work. 


Road and Airstrip Construction - Many deposits are not accessible by 
established roads or trails. In northern latitudes freighting may be 
conducted in the spring or fall months when tundra can be traversed because 
it is snow-covered or frozen. Bulldozers or other track-mounted or 
balloon-tired vehicles are used to carry or tow freight and equipment. If 
roads have to be constructed in precipitous terrain, the sophistication of 
‘construction will vary depending on local conditions and expected amount 
of use. In addition to excavating and leveling a road surface, gravel 
surfacing and ditch construction for water runoff may also be necessary. 


Some operations use fixed-wing air support requiring a landing strip near 
the mine. Landing strips are often constructed by leveling old tailings 
piles or prestripped areas scheduled for mining. In other cases, nonmining 
areas near the mine are stripped and leveled. 


Camp Facilities - Personnel live on site at most mines and space is 
required which will not conflict with mining activities. Space for 
equipment maintenance and cleanup facilities also has to be allowed for in 
minesite planning. Old tailings areas or areas prestripped for mining may 
be used. In some cases, nonmining areas near the mine will be stripped and 
leveled for this purpose. 


Overburden Removal - Removal and stockpiling of overburden and low-value 
gravels is required because they are uneconomic to mine and process. Frozen 
ground and often a thick horizon of fine, muddy silt or "muck" may be 
present in northern latitudes. Muck is usually frozen and covered by an 
insulating vegetation cover of moss, brush and trees. The vegetation layer 
and successive layers of muck are excavated to expose the underlying 
material to solar radiation for thawing. In other areas gravels may be 
thawed and require removing only a thin layer of soil and vegetation. If 
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topography allows, overburden and low-value gravels are placed on valley 
slopes and away from mining operations. Old tailings areas may also provide 
space for stockpiling. 


Tailings Disposal, Settling Pond Construction and Maintenance - 
Preclassified oversize material may be backfilled into previously mined 
cuts or into other areas that do not conflict with mining operations. 
Conveyor belts are often used eliminating the need for heavy equipment to 
haul the oversize material. Coarse sand and gravel in the recovery plant 
effluent may require periodic removal and hauling away from the plant. 


Settling of a large portion of the settleable solids (coarser sand and silt 
particles) in the recovery plant effluent is facilitated by constructing 
settling ponds and a tailrace. Because operations vary in regard to size 


and mining method, water use and general topography, the capacity and 


configuration of settling pond arrangements will also vary. The settling 
pond should be located away from the active stream channel if possible. If 
necessary the stream may be diverted to bypass the entire mining operation. 
This reduces the amount of wastewater to be treated by the ponds and the 
likelihood of washouts if the stream floods. 


A drainage ditch (tailrace) is excavated to channel the mine effluent to 
the settling pond. Much of the sediment settles out in the tailrace, 


_ prolonging the life of the pond. 


A small presettling pond, constructed by placing a berm across the tailrace 
just above where it enters the pond, also results in deposition of coarser 
sediments prior to entering the pond. The berm also spreads the flow evenly 
across the entire width of the settling pond. Material settled behind the 
berm has to be excavated frequently for maximum effectiveness. 


Less water used in the mining process results in less wastewater to be 
treated. Settling pond size can consequently be reduced to achieve a given 
level of sediment removal. Reduced water volumes may be accomplished by 
recirculating settling pond water and using classification equipment. A 
discussion of water quality treatment technologies is presented in chapter 
3 of this manual. 


Reclamation Work - Reclamation is an integral part of mine planning. It is 
commonly ongoing as mining progresses. Tailings that have been directed 
into mined cuts can be graded and recontoured to natural topography. If 
tailings have been stockpiled, hauling of material to backfill mine cuts 
may be required. Coarse tailings may be spread over abandoned settling 
ponds to stabilize the surface and protect the slimes from erosion or the 
slimes may be removed and used later as a surface cover. Stockpiled 
low-value gravels, soils and vegetation may be spread over the deposit in 
their natural order. Organic material may be mixed with the soils to 
provide a cohesive, stable surface for establishment of new plant growth. 
Stream channel construction also requires additional excavation and 
materials handling activities. A discussion of water-related placer mining 
regulations is presented in chapter 3 of this manual and reclamation is 
presented in chapter 4. 
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PLACER MINING IN ALASKAN PARKS 
Denali National Park and Preserve 


The Kantishna mining district is located in the park. From discovery in 
1903 and up to 1983, the district produced about 78,000 ounces of placer 
gold. Mining activity increased along with the price of gold in the latter 
half of the 1970s. Improvements in mining methods and recovery systems have 
increased placer gold production from 800 ounces in 1974 to an estimated 
7500. ounces in 1983. Seventeen placer mining operations were active in 
1983. The number of operations decreased by at least 4 in 1984 and by 1985 
only 9 mines were active (Griffiths, 1986). At the end of the 1985 season, 
mining was stopped temporarily by court injunction. 


Operations vary from small suction dredges to several large recovery 
Systems capable of processing over 1500 cubic yards per day. Most 
operations use portable, integrated washing and recovery plants supported 
by some combination of bulldozers, backhoes, and frontend loaders. Several 
large, tire-mounted plants (5 in 1983) are largely responsible for the 
increased production since the mid-1970s because of their large volume 
capacity, portability, integrated gravel classification devices and other 
improvements to the sluice which enhanced fine gold recovery. 


The district is noted for its coarse jewelry gold recovered from _ shallow 
gulch and creek deposits. In 1983, however, 70 percent of the district 
production was less than 14 mesh in size. Fine gold was largely produced by 
the mobile plants operating in the lower reaches of the drainage systems 
and on bench deposits. In one instance, 86 percent of the gold recovered in 
a large cleanup was less than 20 mesh in size. 


Combined capacity for the 17 operations in 1983 was estimated at 11,500 
cubic yards per day with a seasonal maximum capacity of 800,000 cubic yards 
per annum. It was estimated by Levell (1984) that the district contained 43 
million cubic yards of minable stream and bench gravels of which 18 million 
cubic yards were covered by existing mining claims. At the maximum 
production rate, over 20 years would be required to mine the reserves under 
clain. 


Other than mining activities, roads have been constructed in the recent 
past to freight equipment and supplies into some of the least accessible 
drainages. In other cases, existing trails have been used to freight across 
the tundra. Heavy equipment is largely transported across roadless tundra 
during late spring when the surface is still largely frozen. Airstrips and 
camp facilities are usually situated on old tailings. In some cases camps 
have been set up in areas prestripped for mining or on flat areas above the 
stream channel. Reclamation work and water quality precautions in 1983 
varied from none at all to operations that employed systematic procedures 
of tailings backfill, recontouring tailings, replacement of overburden, and 
construction and maintenance of settling ponds. In 1985, at least one of 
the larger operators successfully employed recirculation of settling pond 
water. 
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Wrangell-St. Elias National Park and Preserve 


The Nizina and Chisana mining districts are located in the park. The 
Chisana district includes the summit areas and north slopes of the Wrangell 
Mountains. From 1913 to 1969, the Chisana district produced about 50,000 
ounces of gold from small-scale mining of stream and bench gravels in the 
Bonanza Creek area. Remoteness of the area, shortages of water on some 
streams and the small extent of most deposits precluded the development of 
large-scale operations (Cobb, 1973). During 1985, five small-scale sluicing 
operations and one small suction dredge were active in the Bonanza Creek 
area about 20 miles east of the old town of Chisana (Griffiths, 1986). 


The Nizina mining district, located largely on the south slopes of the 
Wrangell Range, was discovered in 1901. Since that time, intermittent but 
mining of stream and bench deposits has continued. According to Griffiths 
(1986), during the 1985 season two grizzly-sluice operations were active in 
the May Creek area. These operations possibly had a throughput of up to 500 
cubic yards per day. 


Yukon - Charley Rivers National Preserve 


The Circle and Eagle districts are located in this part of the Yukon River 
drainage. Placer gold has been mined in this area since the mid-1890s, with 
total production from the two districts of about 780,000 ounces through 


- 1960. According to Griffiths (1986), one sluicing operation with a 


potential to process up to 500 cubic yards per day was active in 1985 in 
the Woodchopper and Coal Creek area. Mining activities were apparently 


restricted to prestripping overburden. Some assessment work was also 


conducted in an area east of the Charley River. 
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CHAPTER 2 


ENVIRONMENTAL IMPACTS 


a 


INTRODUCTION 


The adverse impacts created by placer mining are well-documented and 
often obvious. Public attention has been drawn to areas in California, 
Colorado and Alaska severely altered by past placering activity. 
Without laws, regulations and a unified public conscience, past 
placering proceeded with impunity. Even today the reluctance of many 
placer operators to invest in less environmentally destructive (and 
often more efficient) methods of placer mining has resulted in an 
unfavorable public view of the placer industry. This is a detriment to 
those operators who strive to operate as efficiently as possible with 
the least impact to the environment. 


Most operations within units of the National Park System in Alaska are 
on streams and rivers. This results in adverse impacts on both the 
stream system itself as well as the surrounding terraces and upland 
areas. The greatest impacts are from the increase in sediment load and 
turbidity created by activity within the streambed and by erosion of 

- the bank, upper terraces and upland areas due to the stripping of 
overburden, removal of top soil and destruction of tundra. These 
impacts can be mitigated by properly designing settling ponds to 

. promote settling of silt and clay-sized particles prior to the release 
of process water downstrean. 


In general, the environmental impacts of placer mining involve 
chemical, physical and biological changes in the stream environment. 
Not only is the stream in the immediate vicinity of a mining site 
adversely affected, but also the biological structure, water quality 
and stream hydraulics may be altered for many miles downstrean, 
depending on the effectiveness of treatment facilities. The size of an 
operation, as determined by the number of cubic yards of paydirt 
processed per day, is not necessarily correlated with the amount or 
degree of adverse environmental impacts. Although large operations 
expose more land area to potential erosion and process more pay dirt, 
the amount and degree of downstream impacts are predicated on the 
efficiency of the mining operation and the effectiveness of treatment. 


‘BACKGROUND 


STREAM TYPES 


In general, running water systems in Alaska include mountain, glacial, 
springfed, and lowland streams and large rivers. Placer mining 
operations in Alaska are typically situated on alluvial gold deposits 
along headwater tributaries of mountain streams. 


Mountain streams are relatively swift and shallow, having steep 
gradients, straight channels, high velocities and short response times 
to local precipitation and surface runoff. In areas where the 
surrounding vegetation is sparse, peak discharge is short and high. 
Many headwater mountain streams dry up during late summer and freeze to 
the bottom in winter. A large percentage of the annual discharge 
occurs over a short period during spring breakup. Flow then decreases 
throughout summer, except for freshets during periods of occasionally 
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heavy precipitation. By early fall, the smaller of these streams 
freeze to their beds. Larger mountain streams tend to have wider, 
deeper, and more sinuous channels, with well developed riffle and pool 
topography. Groundwater recharge in the larger of these streams is 
often sufficient to maintain some level of flow under the ice 
throughout the winter. 


AQUATIC HABITATS 


Stream habitats are very heterogeneous because of variations in 
physical and chemical composition and aquatic species distribution. 
Aquatic organisms have characteristic adaptations or preferences with 
regard to water depth, water velocity, bank cover, chemical quality, 
temperature and substrate type. These factors limit the distribution, 
abundance and biomass of stream organisms. 


Channel Structure and Hydrology 


The rate of sediment transfer is directly related to the rate of energy 
.expenditure by a stream as it flows from a higher to a lower elevation. 
This is known as unit stream power or USP. Reductions in suspended 
sediment concentrations occur in meandering streams and streams having 
natural pool and riffle topography relative to straight channels. 
These features serve to reduce USP and therefore the erosive energy and 
sediment transport capability of stream discharge. Stream 
channelization often associated with placer mining alters the natural 
configuration of stream channels, thereby increasing the potential for 
sediment transport, bank erosion and downstream flooding. 


When the morphology of a stream channel is modified, stream biota may 
be affected as a result of increased sediment loads, disruption of 
aquatic food webs and decreased habitat diversity (depth, bottom type 
and velocity). As the stream channel becomes straighter (less 
Sinuous), habitat diversity decreases and invertebrate concentrations 
decrease because of an increase in invertebrate drift. Consequently, 
there is a direct relation between habitat diversity and the diversity 
of fish populations. 


Ideally, streams should contain riffles and pools in equal proportions. 
Riffles support high invertebrate productivity but usually provide poor 
fish cover and are unstable with regard to fluctuations in discharge. 
Pools, on the other hand, provide better cover for fish, support larger 
and older fish and are more stable with regard to fluctuations in 
discharge. Fish may also obtain cover from boulders, overhanging banks 
and woody debris. 


Substrate 


Substrate stability is critical to the development and maintenance of 
healthy stream communities. Very small and very large material are the 
most stable, whereas intermediate-sized particles are the least stable. 
In general, stream substrate habitats may be classified as either 
erosional or depositional. Erosional habitats correspond to portions 
of the streambed having large substrate particles. Under natural 
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conditions deposition tends to occur only during periods of low 
discharge. Thus, small particles are present in the water column only 
at certain times of the year. In contrast, depositional habitats are 
composed of relatively small, transient particles which are easily 
transported by small fluctuations in flow. Stream channel 
configuration largely determines the distribution of erosional and 
depositional habitats. Higher velocity headwater streams tend to have 
larger substrate particle sizes characteristic of erosional habitats. 
Many other natural streams are a mosaic of these two habitat types. 


Benthic organisms exhibit substrate adaptations and preferences 
according to current. Heterogeneous substrates support higher 
diversities than homogeneous substrates. As the bottom type becomes 
simplified by the deposition of sediments from placer mines, the number 
of organisms decrease. Attached algae are most abundant on cobbles and 
boulders, less abundant on sand, silt and clay, and least abundant on 
gravel. Furthermore, the density of benthic organisms generally 
decreases as the substrate becomes more homogeneous because less 
habitat space is available. The exception to this occurs when only 
cobbles are present because they provide the most favorable habitat. 


Benthic organisms and other aquatic invertebrates are directly affected 
by the presence of fine sediment in the water column and the substrate. 
Significant reductions in aquatic macroinvertebrate populations have 
been noted in different streams as a result of increased turbidity and 
suspended solids levels (Herbert and Merkens 1961; Gammon 1970; 
Sorensen et al. 1977; LaPerriere et al. 1983; Wilber 1983). Elevated 
suspended solids concentrations also result in increased invertebrate 
drift (Gammon 1970), changes in species composition (McCart et al. 
1980) and decreased feeding success (Arruda et al. 1983; McCabe and 
O'Brien 1983). 


Sediments that settle on the substrate have a blanketing effect on the 
benthic community and may intrude into stream-gravel interstices. 
These processes tend to decrease the availability of dissolved oxygen 
to benthic invertebrates, reduce or eliminate food resources in the 
form of. periphyton and abrade or entrap organisms in the substrate. 


Aquatic Plants 


Algae may be attached (periphytic) or unattached (planktonic) in 
streams and rivers. Periphytic algae production predominates in small 
to mid-size streams, the size used for placer mining. Plankton 
dominate only in the largest clearwater rivers. Macrophytes represent 
emergent or submerged vascular plants growing along stream margins, in 
shallow pools and in riffles. This group of plants provides important 
substrate habitat for aquatic invertebrates. Macrophytes also provide 
cover for fish from birds and for invertebrates from fish. However, 
macrophytes are not particularly important in headwater streams in 
Alaska. 


Theoretically, high latitude streams are primarily dependent on 
photosynthetic (autochthonus) plant production as the energy base which 
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drives the system. Ilowever, terrestrial (allochthonus) organic 
material such as leaf litter may be more important than primary 


production in some streams at certain times of the year. The relative 
importance of these energy sources in Alaska streams is presently 
unknown. Primary production is usually the most useful indicator of 
the availability of energy to the next trophic level, the aquatic 
macroinvertebrates. Small rivers possess variable growths of 


periphytic algae depending on levels of turbidity, the scouring effect 
of current, the abrasive and blanketing effects of suspended sediment 
and the availability of nutrients. Recent studies in Alaska show that. 
an increase in suspended sediment and turbidity levels from placer 
operations result in decreased periphytic algae growth and primary 
production downstream. 


Fish 


The life cycles of both fish and their prey are greatly ‘extended at 
northern latitudes so that low production rates can be expected. In 
general, fish species diversity is positively correlated to the 
diversity of stream depth, velocity and substrate type. Habitat 
requirements differ among fish species and change with stage of 
development. Since young fish (fry) are small and have limited 
Swimming capacities, they hide in the substrate or seek low velocities 
(boundary zone swimming). Juvenile fish can withstand a broader range 
of velocity, and adults a broader range than juveniles. Consequently, 
different sized individuals can occupy different areas of a stream. A 
lack of habitat diversity often results in mined streams without 
habitat reclamation. 


-The major components of fish habitat altered by mining are channel 
structure, stream discharge and velocity, water quality and the 
availability of food. Channel structure includes factors such as 
channel geometry, substrate and streambed materials and objects used as 
cover by fish. Placer mining typically increases turbidity and 
suspended solids levels in adjacent streams, thereby reducing light 
penetration and in turn, fish food production. Feeding ability is also 
reduced in sight-feeders, such as most salmonids. 


Fish can be divided into two general catergories: anadromous and 
resident. The species comprising these two categories have different 
habitat requirements. Anadromous fish, such as salmon, migrate to the 
sea to feed and return to fresh water to Spawn. The most prevalent 
anadromous fish species in placer mined streams in Alaska include the 
five species of pacific salmon - sockeye, humpback, coho, chum and 
chinook. Spawning migration usually occurs in spring, summer, fall, and 
early winter, and is species, drainage and site specific. Successful 
migration of salmon depends on the hydraulic conditions of the stream 
such as depth and velocity relative to the swimming capabilities of 
different sized fish. Placer mining may inhibit passage of migrating 
salmon by altering the hydraulic conditions of a stream or by imposing 
physical barriers in the stream channel. 


Salmon select spawning habitat with specific depth, velocity, substrate 
type and intergravel flow characteristics. Spawning salmon use a 
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variety of water depths ranging from 0.3 to 10 feet. However, spawning 
salmon are always more sensitive to velocity than depth. The optimal 
velocity range is between 0.5 and 2.5 fect per second. 


Salmon spawning behavior includes the physical construction of a 
spawning-nest depression (redd), in which the eggs are laid and 
subsequently covered by rapid body and tail motion. Suitable spawning 
bed materials range from small gravels to cobbles; larger salmon are 
able to use larger subtrate material. Placer mining typically 
contributes high concentrations of fine suspended particles which iay 
be deposited in spawning beds at considerable distances downstream 
resulting in high embryo mortality because of reductions in oxygen 
supplies and metabolic wastes removal. High embryo mortality also 
occurs when the spawning bed is dewatered or frozen. 


The Arctic grayling (Thymallus arcticus) is probably the best example 
of resident fish occupying a variety of habitats in Alaskan streams 
subject to placer mining. Other resident fishes that may occur in such 


. streams include the whitefishes, such as inconnu, Bering cisco, round 


whitefish, broad whitefish, Alaska whitefish and humpback whitefish; 
the slimy sculpin; the longnose sucker; and in some areas Dolly Varden; 
Arctic char; and rainbow trout. Dolly Varden and Arctic char are 
anadromous in some areas. 


- Since grayling are widely distributed and occupy a variety of habitats, 


they are representative of resident fish affected by placer mining. 
Upstream migration begins at spring breakup. Because of their 


- relatively small size, grayling have lower maximum velocity thresholds 


than salmon but are not as restricted by depth. Spawning occurs 
immediately after breakup in mid-May to June. Once reaching their 
Spawning grounds, they select sites with suitable depth, velocity and 
substrate characteristics. An optimal water depth may be around 10 
foot and the optimal velocity is likely 0.5 to 2.0 feet per second. 
Grayling most often use sandy, gravel bottoms for spawning, perhaps 
because of its prevalence in Alaska streams. 


Velocities high enough to cause bedload sediment movement would likely 
be sufficient to dislodge and wash embryos downstream since they are 
covered only by a thin layer in the substrate. The siltation of 
grayling spawning areas during incubation can cause high embryo 
mortality because of reductions in oxygen supplies and metabolic wastes 
removal. 


After spawning, adult grayling usually move farther upstream and take 
up residence in pool areas where their entire diet is composed of 
aquatic invertebrate forms (larvae, pupae and adults) taken from the 
benthic drift. Adult grayling establish territories in pools with the 
largest and strongest fish occupying the most advantageous feeding 
positions at the head of the pool. Increased sedimentation can result 
in the filling of choice pool areas, thereby reducing preferred feeding 
habitat. 


The grayling is primarily a surface to mid-depth feeder during summer. 
As sight-feeding fish, they rely on their ability to see aquatic and 
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terrestrial insects in the water column. Consequently, the clarity of 


the water is critical to feeding success and growth. While grayling 
are known to use turbid rivers for migration, they normally do not 
remain in these rivers and have been found to avoid turbid headwaler 
streams as spawning and rearing habitat. Several investigations in 


Alaska indicate a possible decline in grayling populations in certain 
areas as a result of increased turbidity from placer mining. 


Demonstrated effects of suspended solids on grayling include abnormal 
gill histologies (McLeay et al. 1983), gill tissue damage (Simmons 
1984), elevated blood glucose and reduced leucocrit values (McLeay et 
al. 1983), and impaired feeding success (Simmons 1984). 


Summary 


Sedimentation from placer mining results in the decline of productivity 
rates at all trophic levels of the stream community including plant, 
invertebrate, and vertebrate organisms. Major effects of increased 
sedimentation on fish populations are avoidance, disruption and 
-possibly elimination of normal reproduction. When suspended particles 
settle, they blanket spawning grounds or eggs and impair or prevent 
emergence of recently hatched fry. 


Water exchange provides for the transport of oxygen and the removal of 
waste products in spawning beds. Fine sediments infiltrating stream 
substrates reduce the rate and magnitude of water exchange through 
stream gravels used for spawning. Mortality of eggs and alevins (newly 
hatched fish still attached to the yolk sac)increases dramatically as 
the percentage of fine sediments increases in the gravels. 


Salmonids can tolerate increased concentrations of suspended sediment 
for short periods of time. Long periods of elevated levels of suspended 
sediments exert a number of sublethal impacts on juvenile and adult 
fish including tissue damage by abrasion, fin disease, clogging of 
gills, stress responses, agressive behavior, starvation and decreased 
ventilatory efficiency. Suspended sediment and turbidity may also 
cause fish to avoid previously usable habitat, thereby increasing 
competition for. available food and space in adjacent clearwater 
streams. The presence of high sediment concentrations (suspended or 
deposited) resulting from placer mining over several years leads to 
population decreases or elimination of indigenous fish species. 


TERRESTRIAL HABITATS 


Terrestrial plant communities in mining areas in Alaska may consist of 
tundra, herbaceous plant understories, a variety of shrubs, coniferous 
or deciduous tree canopies or some combination thereof. Riparian 
plants provide shade and habitat for birds, mammals and invertebrates 
that live near or frequent adjacent streams. Streamside vegetation 
also has a large influence on determining stream habitat quality. 
Heavily forested stream sections tend to be cooler in the summer and 
warmer in the winter than streams devoid of vegetative cover. Data 
from studies in forest management show that natural vegetation along 
streams acts to reduce the transport of terrestrial sediment loads. 
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The efficiency of reducing sediment loads varies with the type and 
density of vegetation. When the depth of overland flow is less than 
the herbaceous plant cover height, sediment loads may be reduced by as 
much as 50 percent because of the filtering action of terrestrial 
plants. 


Removal of riparian vegetation, a common practice in placer mining, may 
have a number of direct adverse affects on the stream community. 
Removal of vegetation upstream may result in signficant reductions in 
invertebrate and -fish production in areas where terrestrial 
(allochthonus) inputs provide important sources of energy for these 
organisms. Areas which are stripped of deciduous vegetation commonly 
have low diversities and numbers of aquatic macroinvertebrates because 
of reductions in coarse particulate organic material (leaf litter). 


Results of stream bank vegetation removal include increased erosion and 
mass soil movement from the loss of soil-stabilizing root structures, 
less filtration of fine sediments in surface runoff, decreased 
‘interception of precipitation leading to more severe discharge rates, 
less habitat for emerging aquatic insects and changes in terrestrial 


insect types as fish food. The loss of tree canopy results in 
decreased litter inputs, increased solar radiation, increased diurnal 
temperature variation and increased summer temperatures. The removal 


of streamside vegetation also eliminates shade and cover for resident 
and migratory fish. 


IMPACTS FROM MINING ACTIVITIES 


Impact of a typical sluicing operation on terrestrial wildlife habitat 
is the decimation of tundra, riparian woodland or boreal forest which 
is similar to adjacent habitat up or downstream. In many areas where 
placer gold has been discovered, sluicing operations line the entire 
length of headwater tributaries. This situation effectively eliminates 
wildlife habitat for several miles along a stream valley. Furthermore, 
it may cause migratory animals such as caribou to select alternative 
migration routes. However, resident mammals such as beaver and moose 
have been observed in and around settling ponds of mining operations. 
The presence of mining camps may encourage the visitation of bears to 
local refuse dumps which may result in the elimination of the offending 
bears. 


Extensive site disturbances in riparian, tundra or boreal forest 
habitats may preclude the complete natural restoration of such areas. 
Without proper rehabilitation measures, revegetation and use by 
wildlife may not occur for many tens of years. In stream valleys where 
extensive mining has occurred over many years, indigenous flora and 
fauna populations are locally reduced or eliminated. 


Potential aquatic and terrestrial impacts previously discussed may 
result from the mining activities discussed below. Since most of the 
impact is related to sediment release to the aquatic environment, the 
amount of impact is directly correlated with those activities that 
expose soil to water. Hence, the absolute level of adverse impact from 
access roads and airstrips is less than the adverse impacts of 
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separating gold from pay gravel because  sluicing introduces 
significantly more sediment into the water. Similarly, operations 
sluicing different volumes of pay gravel mainly differ in the potential 
magnitude of their impacts. However, the absolute amount of impact is 
not necessarily correlated with the size of an operation. For example, 
a well-planned large operation using water use reduction techniques, an 
adequate settling pond system, and a clearwater bypass results in less 
sediment being discharged to the receiving water than a poorly planned 
small operation with an inefficient treatment system. 


ACCESS 


Even properly designed and maintained access roads and airstrips may 
result in soil erosion or increase stream sedimentation. However, the 
major impact related to access roads and airstrips is the disturbance 
of soils near streams during construction. Heavy equipment movement 
across streams increases erosion of the banks, thereby reducing fish 
cover and causing short-term sediment increases downstream. 


Improperly designed or installed culverts pose impassable barriers to 
the movement of fry and adult migratory fish. If culverts are 
undersized or improperly placed, water velocities in the culvert may be 
too high to allow fish to migrate to their spawning grounds upstream. 
Furthermore, scour pools may form on the downstream end of such 
culverts, leaving them "perched" during subsequent periods of low flow. 
In contrast, oversized culverts may prevent the movement of fish during 
periods of low flow, if the water is too shallow in the culvert to 
permit their passage. 


‘ OVERBURDEN STRIPPING 


Stripping of overburden (organic soil layer) exposes large areas of 
fine mineral soil to potential erosion. Precipitation falling directly 
on exposed soil will loosen the particles. Stockpiles of organic 
overburden are also susceptible to the erosive action of precipitation 
and surface drainage ‘during the first year, but depending on the 
location may revegetate in 1 to 2 years. Flow over stripped slopes can 
erode and transport large amounts of fine sediments and organic 
material into nearby streams adversely impacting both terrestrial and 
aquatic biota in a much larger area than that created by the placer 
operation itself. Hydraulic stripping, usually performed only in 
ice-rich permafrost areas, occurs at only a few mine sites in Alaska. 
All of the overburden fines are carried downslope placing a larger 
burden on treatment facilities such as settling ponds. 


EXCAVATION OF PAY GRAVEL 


After diversion of the active stream channel, the gold-bearing gravels 
are excavated from the stream channel, floodplain or bench, and moved 
to the processing area. This activity loosens the fine soil particles 
from the gravels which, when combined with surface runoff, creates 
additional sediment laden water. The excavation often proceeds down to 
bedrock, leaving little or no soil to absorb precipitation and surface 
runoff, or to support the root structures of terrestrial vegetation 


63 


thereby accelerating the erosion process. As the mining operation 
proceeds upstream, the excavation is commonly partially filled by 
either tailings or settling ponds. 


SEPARATION AND CONCENTRATION OF GOLD 


After excavation, the gravel is thoroughly washed with water and the 
resulting slurry fed to a sluice box, jig or other gold recovery 
device. The gold is removed by gravity concentration and the slurry is 
discharged as tailings. Larger materials (boulders, cobbles and gravel) 
are removed by heavy machinery and placed in large tailings piles. 
Finer materials (sand, silt and clay) are carried downstream by the 
effluent from the sluice. This effluent contains high concentrations 
of sediment and is the major point-source at placer mines. 


CONVENTIONAL TREATMENT 


The effluent typically flows down a channel, or tailrace, into a series 
of settling ponds. Much of the sand drops out of the effluent in the 
tailrace and medium and large silt sized particles are removed by 
well-designed and constructed settling ponds. Nevertheless, even under 
the best of conditions settling pond discharges usually contain high 
suspended solids concentrations (>100 mg/L) and turbidity levels which 
may be transported a long distance downstream. The degree of impact. 
_that pond discharges have on downstream water quality and stream biota 
is highly dependent on the concentration and magnitude of effluent 
sediment discharges relative to the dilution capacity of receiving 
streams. 


Unless all water is diverted around a mine site, water in contact with 
any area disturbed by mining activities will become sediment laden and 
turbid, contributing to nonpoint-source pollution. Diversion of stream 
channels around settling ponds may prevent washouts during flood 
events, results in a lower volume of water being treated and provides a 
larger volume of clearwater for the dilution of pond discharge waters. 
In operations employing recycle systems, channel diversion prevents 
pond washout and provides greater control of the recycle water balance. 


HANDLING AND DISPOSAL OF TAILINGS AND FINES 


Boulders, cobbles, gravel and large sand particles are normally placed 
in tailings piles located in mined out areas. Because of the lack of 
organic soil, tailings are unsuitable for the immediate establishment 
of pioneer plant species. Moreover, these relatively unstable tailings 
may contribute sediments to nearby streams in surface runoff after site 
closure. Fine material is discharged downstream, often to settling 
ponds. The fines remaining inthe settling ponds are sometimes 
Stabilized by armoring with coarse tailings, but often remain 
susceptible to erosion by surface runoff if the settling pond dams are 
breached. 


ANCILLARY EQUIPMENT AND FACILITIES 
The average crew size of Alaska placer mines is six people, with 
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domestic sanitation and solid waste disposal consisting of outhouses 
and small landfills situated well away from the active floodplain and 
groundwater sources. To date, there have been no reported pollution 
problems from these activities. 


Diesel fuel is commonly stored in steel tanks up to 15,000 gallons in 
capacity and lubricants are stored in drums. Faulty valves, corrosion 
of drums and poor housekeeping results in spillage. Spillage may also 
occur during product transfers. Disposal of heavy equipment waste oil 
is a potential problem if not disposed of properly. 


When remote mining sites are abandoned, the camp and even some 
equipment are commonly abandoned also. In some cases these sites 


“assume historical significance but often remain as a significant 


reminder of the adverse impact placer mining has on the environment. 
Abandonment of present day facilities greatly hinders site restoration 
by making it necessary to remove and dispose of tools, equipment and 
hazardous wastes, often at considerable additional expense to the 
reclamation effort. The requirement of reclamation bonds may mitigate 


this problem. 


SUMMARY 


The environmental impacts from a typical placer mining operation cannot 
be overemphasized. Hydraulic mining, booming and other poor mining 
practices have devastated entire drainage systems. Since organic matter 
and other nutrients have been washed downstream the land may remain 


‘barren for many years. Barren tailings piles in many streams and rivers 
in Alaska and in the Lower 48 States remain as stark reminders to 


placer mining activity in the past. It is imperative that field 
personnel reviewing a plan of operations for placer mining in a unit of 
the National Park System or monitoring such a plan in the field be 
aware of these impacts and of the measures which may be taken by the 
operator to mitigate or eliminate these impacts. 
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CHAPTER 3 


WATER QUALITY 
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1.0 INTRODUCTION 


This chapter discusses the effects of placer mining on water quality 
and describes potential problems accruing from the discharge of 
materials that significantly change natural water quality. The 
discussion includes physical and chemical water quality parameters, 
methods for monitoring parameters having an adverse affect on 
downstream water quality, current methods for mitigating water quality 
degradation, and major water-related regulatory requirements that must 
Ee met by placer mining operations in units of the National Park 
ystem. 


WATER QUALITY PARAMETERS 


In Alaska, water quality standards are the responsibility of the Alaska 
Department of Environmental Conservation and appear in Titlesrlés, 
Environmental Conservation, Alaska Administrative Code, Chapter /70, 
Water Quality Standards (Alaska Department of Environmental 


Conservation [ADEC], 1985). Designated freshwater uses in these 
standards apply to all streams, lakes, and ponds and include the 
following: 


Water Supply 


(1) Drinking, culinary and food processing 
(2) Agriculture 

(3) Aquaculture 

(4) Industrial 


Water Recreation 


(1) Contact recreation 
(2) Secondary recreation 


Growth and Propagation of Biota. 


The water quality standards regulate man-made alterations to the waters 
of Alaska. The water quality criteria (e.g. pH) when used in 
combination with the water use designation (drinking, culinary and food 
processing), constitute the water quality standard for a particular 
water body. That is, Alaska water quality standards consist of the 
criteria associated with the designated uses for which a particular 
body of water is protected. In Alaska, all water bodies except the 
lower Chena River and Nolan Creek (and most of its tributaries) are 
classified to protect all uses. Hence, the most stringent criterion of 
the above water uses applies to all water bodies except the two 
mentioned above. For example, the most stringent criterion for many 
parameters applies to drinking water supplies. Criteria established 
for the protection of multiple water uses define acceptable levels for 
dissolved gas (oxygen and nitrogen); pH; turbidity; temperature, 
dissolved inorganic substances; sediment; toxic and other deleterious 
organic and inorganic substances; color; petroleum hydrocarbons, oils 
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and grease; radioactivity; total residual chlorine; and _ residues. 
These water quality characteristics are discussed below. 


True color levels remain the same or decrease from natural levels as a 
result of placer. mining. Levels decrease in tundra areas when 
overburden is removed and stockpiled away from the active stream 
channel, thereby decreasing the opportunity for surface water runoff to 
leach tannins and lignins from the tundra vegetation. Radioactive 
substances and chlorine are not used in the placer mining process. 
Residues, such as floating solids, debris, sludge, deposits, foam and 
scum, do not typically occur as a result of placer mining. 


DISSOLVED OXYGEN 


Dissolved oxygen concentrations vary with temperature, pressure, and 
somewhat less with biological activity and generally range from 7.5 to 
13.5 mg/L during the summer mining season in unmined _ streams. 
According to R&M Consultants, Inc. (R&M 1982), dissolved oxygen 
concentrations exhibit a slight decrease (a few tenths of a mg/L) 
- during sluicing compared to upstream levels and a slight decrease (a 
few tenths of a mg/L) as water moves through a_ settling pond. 
Turbulence downstream from the sluice and pond causes a slight increase 
in dissolved oxygen concentrations offsetting the slight decrease noted 
previously. Dissolved oxygen concentrations downstream from placer 
mining operations are influenced by the organic content of the 
overburden and the gravels being mined (ADEC 1979). Placer mining 
Operations generally have little effect on dissolved oxygen 
concentrations (Cook 1979). This is applicable to sluicing inorganic 
material, but does not necessarily apply to the hydraulic removal of 
organic muck. Dames & Moore (D&M 1976) report that the dissolved 
oxygen concentration decreased from 13.4 mg/L to less than 1 mg/L at 
one mine where organic muck was being stripped hydraulically. It was 
reported that this rapid dissolved oxygen depletion was caused by 
chemical oxidation, but similar dissolved oxygen depletion rates were 
not observed at other operations removing muck. 


Saturation of dissolved oxygen is typically 90 percent or higher at 
placer operations. These saturation levels compare favorably with 
values in unmined streams. D&M (1986) reports the average saturation 
level for unmined streams is 96 percent and for actively mined streams 
it is 99 percent. The slight increase is caused by turbulence as_ the 
water moves through a sluice and as it cascades from a settling pond. 
An exception to this situation could be the hydraulic removal of 
organic muck. Relatively high concentrations of dissolved oxygen and 
high percentage saturation values at placer operations moving inorganic 
material indicate there is essentially no oxygen demand resulting from 
placer mining. 


The Alaska water quality criteria for dissolved oxygen in the water 
column is most stringent for the protection of freshwater aquatic life 
(ADEC, 1985). The criteria are: 1. Dissolved oxygen shall be greater 
than 7 mg/L in waters used by anadromous and resident fish; 2. in no 
case shall dissolved oxygen above 17 mg/L be permitted; and 3. the 
concentration of total dissolved gas shall not exceed 110 percent of 
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saturation at any point of sample collection. Surface waters 
throughout and downstream from placer mines typically meet these 
criteria. However, hydraulic stripping of organic overburden may 
remove dissolved oxygen from the water causing concentrations to fall 
below the criteria. . 


Sediment-laden discharges from some placer mines may pack streambeds 
with fine particles creating low dissolved oxygen concentrations in the 
interstitial water... Bjerklie and LaPerriere (1985) report mean 
dissolved oxygen concentrations ranging from Oa3eito) 3.0sme/L ein 
subsurface waters of two streams receiving mining effluent. Neither 
stream meets the Alaska criterion, which is: "In no case shall D.O. 
[dissolved oxygen] be less than 5 mg/L to a depth of 20 cm in the 
interstitial waters of gravel utilized by anadromous or resident fish 
for spawning" (ADEC 1985). 


pH AND ALKALINITY 


pH is the hydrogen-ion acitivity of a solution, which is an indication 


of the solutions acidity or alkalinity. A pH of 7.0 is neutral. pH 
values commonly range from about 6.7 to 8.0 in unmined Alaska streams. 
Headwater streams (where most mining occurs) usually exhibit pH values 
between 6.8 and 7.4. According to R&M (1982), pH decreases slightly 
during sluicing and in settling ponds. Three reports (D&M 1976; 


Bainbridge 1979; R&M 1982) were compiled to assess pH levels at various 


locations throughout placer mining operations. Data from these reports 
indicate that there are no significant pH changes caused by placer 
mining. pH levels were shown to display a slight decrease - @ few 
tenths of a pH unit - in the mining process, but returned to normal 
levels in the receiving water. 


Alkalinity is the capacity of a solution to neutralize acids. It is 
related to the bicarbonate, carbonate and hydroxide content of the 
water. In Alaska, bicarbonate alkalinity is the dominant form because 
pH values are normally less than 8.3. Most Alaska streams contain 
relatively low alkalinity concentrations, ranging from near zero up to 
approximately 100 mg/L as calcium carbonate, indicating the buffering 
capacity is low to moderate. According to D&M (1986), the average 
alkalinity concentration for unmined streams is 16.4 mg/L as calcium 
carbonate and for actively mined streams it is 31.8 mg/L as calcium 
carbonate. With a natural low buffering capacity, one would expect to 
see significant changes in pH levels if placer mining created an 
impact. The current data indicate placer mining causes no significant 
impacts on pH or alkalinity levels. 


For the protection of freshwater aquatic life the Alaska water quality 
criteria for pH are: "Shall not be less than 6.5 or greater than 9.0. 
Shall not vary more than 0.5 pH unit from natural condition" (ADEC, 
1985). Based on available information, pH levels are not significantly 
affected by existing placer mining practices. The Alaska pH criteria 
can be, and usually are, met at placer mines. It should be noted that 
pH less than 7 and occasionally less than 6.5 is common within placer 
mining operations and in many Alaska streams unaffected by human 
activities. .When natural pH is less than 6.5, man-made disturbances 
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are not allowed to cause the natural pH to vary more than O.5 pH unit. 


The Alaska alkalinity criterion is 20 mg/L or more as calcium carbonate 
for the protection of freshwater aquatic life except where natural 
concentrations are less according to the Environmental Protection 
Agency (EPA 1976). Placer mining operations meet this criterion. 


TEMPERATURE 


Natural water temperatures range from 0 degrees Cup to 15 or 20 
degrees C during summer hot spells. Temperatures typically range 
between 5 and 15 degrees C for most of the summer placer mining 
activity peak. Water used for hydraulic stripping (which is not common 
but still occurs in Alaska) can change in temperature depending on 
“whether frozen or thawed overburden is being stripped (ADEC 1979). 
According to R&M (1982), temperature increases slightly during sluicing 
and continues to increase slightly in settling ponds. However, 
Bainbridge (1979) notes that water temperature was not significantly 
‘altered when used for sluicing. Furthermore, settling ponds have 
little apparent effect on temperature according to R&M (1982). 


Alaska receiving water temperature criteria (ADEC, 1985) are: "Shall 
not exceed 20 degrees C at any time. The following maximum temperature 
shall not be exceeded, where applicable: 


Migration routes 15 degrees C 
Spawning areas 13 degrees C 
Rearing areas 15 degrees C 
Egg & fry incubation 13 degrees C 


For all other waters the weekly average temperature shall not exceed 
site specific requirements needed to preserve normal species diversity 
or to prevent appearance of nuisance organisms." Although there is 
some small change in water temperatures caused by mining, changes are 
typically less than natural variations exhibited in Alaska streams 
during the mining season. Most existing operations do not exceed the 
Alaska criteria for temperature. 


CONDUCTIVITY 


Conductivity indicates the capacity of a solution to carry an 
electrical current, which is related to total concentration of 
dissolved solids. Conductivity and total dissolved solids levels are 
typically low in Alaska headwater streams where most placer mining 
occurs. According to D&M (1986), average conductivity levels in the 
Crooked Creek drainage are 108 micromhos/cm at 25 degrees C in unmined 
streams compared to 165 micromhos/cm at 25 degrees C in actively mined 
streams. 


The most stringent Alaska water use category for dissolved inorganic 


substances is drinking water supply. This category limits total 
dissolved solids to 500 mg/L, chlorides to 200 mg/L and sulfate to 200 
mg/L (ADEC 1985). Placer mining does not cause receiving waters to 


exceed any of these levels. 
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NUTRIENTS 


Nutrients are substances needed for the growth of plants and animals. 
Nitrate and phosphate are considered the most critical. Concentrations 
of nutrients in unmined streams are typically low. Data reported by 
D&M (1986) for the Crooked Creek drainage indicate that total 
phosphorus ranges from less than the detection limit up to 
approximately 0.3 mg/L and nitrate plus nitrite concentrations range 
from less than the detection limit up to approximately 1.6 mg/L. The 
ranges of total phosphorus (<0.05 to 0.70) and nitrate plus nitrite 
(<0.02 to 1.90 mg/L) in mined streams are comparable to those in 
unmined streams. However, average nutrient concentrations in unmined 
streams are 0.06 mg/L for total phosphorus and 0.22 mg/L for nitrate 
plus nitrite, whereas the average concentrations in actively mined 
Streams are 0.15 mg/L for total phosphorus and 0.74 mg/L for nitrate 
plus nitrite. Two reasons account for the relatively small change in 
nutrient concentrations at placer mining operations. First, placer 
mining involves moving primarily inorganic material. Second, miners do 
not discharge domestic or other organic waste products to their 
receiving streams. 


There is no Alaska receiving water criterion for phosphorus. The Alaska 
criterion for nitrate of 10 mg/L, is established for the protection of. 
drinking water supply (ADEC 1985). Nitrogen concentrations are within 
the acceptable limit of the nitrate criterion downstream from placer 
mines. Furthermore, there is no indication that nutrient levels are 
increased by placer mining to a level that would adversely affect the 
aquatic system by promoting eutrophic conditions. Total phosphorus and 
nitrate plus nitrite concentration ranges in mined streams’ are 
comparable to concentrations upstream from mining operations and in 
unmined streams. 


SEDIMENT 
Total Suspended Solids 


Total suspended solids (TSS) are the portion of organic or inorganic 
material in water that is retained on a glass fiber filter. According 
to Peterson et al. (1985), solids in suspension can cause invertebrate 
drift, cause fish to avoid previously usable habitat, prevent fish from 
seeing their prey and cause physical damage such as gill irritation to 
fish. The lethal tolerance of salmonids and other aquatic organisms to 
suspended solids appears to be relatively high. In most instances, 
sublethal effects occur at much lower concentrations. 


Undisturbed (non-glacial) streams above mining operations typically 
exhibit low solids concentrations. TSS concentrations are less than 50 
mg/L except during spring breakup and summer floods, but are still less 
than about 100 mg/L during these events. TSS concentrations increase 
Significantly over natural conditions when water is used to wash 
paydirt through a sluice. Concentrations remain high in the tailrace 
and settling pond even though a large volume of solids settle in these 
areas. The highest concentration reported in the literature, 535,000 
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mg/I., occurred downstream from hydraulic stripping of organic muck (D&M 
1976). This is about 10 times higher than the typical TSS 
concentration found in a sluice effluent. Although operations having 
settling ponds release higher quality water than operations without 
ponds, TSS concentrations downstream from ponds are usually about 100 
times higher than natural conditions (R&M 1982). Settling ponds do not 
effectively remove the fine particles, and filtration of mine effluent 
through tailings dams often allows relatively high concentrations of 
TSS to pass through. 


Data from three reports (D&M 1976; Bainbridge 1979; R&M 1982) were 
compiled to assess TSS concentrations at various locations throughout 
placer mining operations. Data were compiled for operations having 
-ponds, but not all of these ponds were properly designed or maintained. 
TSS concentrations upstream from the operations averaged approximately 
20 mg/L, 25,000 mg/L at the sluice effluent, 16,000 mg/L at the 
settling pond influent, 1900 mg/L at the pond effluent and 800 mg/L at 
a point 500 feet downstream from the pond effluent or at the confluence 
with the receiving stream. EPA (1985) reports the monthly average TSS 
_ concentration of the pond effluent as 1700 mg/L. This report contains 
data collected at a number of mine sites over a two-year study period. 


The Alaska water quality criterion for sediment, including TSS 
concentrations, is: "No measureable increase in concentrations of 
sediment above natural levels" (ADEC 1985). Placer mining discharges 
typically exceed this criterion. 


Settleable Solids 


‘Settleable solids are solids in suspension that will settle under 
quiescent conditions in one hour in an Imhoff cone due to the influence 
of gravity. According to Peterson et al. (1985), settleable solids 
have direct and detrimental effects on aquatic biota and habitat by 
smothering fish eggs, alevins and invertebrates, reducing intergravel 
flow, and by coating aquatic vegetation, thus reducing the potential 
for photosynthesis. 


Settleable solids levels are consistently less than 0.1 mL/L (the 
detection limit of the method) in natural clearwater areas upstream 
from placer mining. They are significantly higher in a sluice box 
effluent - on the order of 70 mL/L, remain high in the tailrace - about 
50 mL/L, and are low to moderate ranging anywhere from <O.1 mL/L up to 
5 or 10 mL/L at the settling pond effluent depending on the 
effectiveness of the pond. As a result of a two-year study at a number 
of mine sites, EPA (1985) reported monthly average pond effluent 
settleable solids levels of 0.2 to 0.5 mL/L. Although operations 
having ponds release higher quality water than operations without 
ponds, R&M (1982) found that settleable solids levels at operations 
with ponds were usually about 10 times higher than natural conditions, 
or about 1mL/L. However, EPA (1977) states that it appears that 
settleable solids can be reduced to or below 0.2 mL/L by allowing four 
hours of quiescent settling in a pond having a minimum depth of five 
feet. Well designed and maintained settling ponds are capable of 
consistently reducing settleable solids to less than 0.1 mL/L. 
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According to Shannon & Wilson, Inc. (S&W 1985b) and Peterson et al. 
(1986), a number of miners discharge water containing less than 0.1 
mL/L settleable solids by using settling ponds or by using settling 
ponds followed by filtration through tailings. 


The Alaska water quality criterion for sediment, including settleable 


solids .5as; "No measureable increase in concentrations of sediment 
above natural conditions" (ADEC 1985). Most placer mines exceeded this 
criterion in the past. Currently, some miners (10 to 20 percent) are 


able to discharge wastewater containing less than 0.1 mL/L settleable 
solids, thereby meeting the Alaska criterion. 


Turbidity. 


Turbidity is an expression of the optical property that causes light to 
be scattered and absorbed rather than transmitted in straight lines 


through a water sample. Turbidity in water is caused by the presence 
of suspended matter such as clay, silt, finely divided organic and 
inorganic matter, plankton and other microscopic organisms. A 


nephelometer having a light source for illuminating the sample and a 
readout device indicating the intensity of light scattered at 90 
degrees to the path of incident light is the accepted method for 
measuring turbidity. According to Peterson et al. (1985), turbidity 
prevents the growth and photosynthesis of green plants and can also 
cause fish to avoid otherwise suitable habitat and prevent them from 
seeing their prey. 


Turbidity levels in natural clearwater streams are generally less than 
5 to 10 Nephelometric Turbidity Units (NTU), but may be 25 to 50 NTU 
during periods of high water. Data from two reports (D&M 1976; R&M 
1982) were compiled to assess turbidity levels at various locations 
throughout mining operations using settling ponds. Turbidity levels 
averaged approximately 9000 NTU in the sluice effluent and tailrace. 
Turbidity levels average about 7000 NIU in pond influents, 1700 in pond 
effluents and about 900 NTU after mixing in the receiving stream. EPA 
(1985) collected data at a number of mine sites over a two-year study 
period and reported the monthly average pond effluent turbidity level 
as 1400 NTU. Although operations having ponds release higher quality 
water than operations without ponds, turbidity levels at operations 
with ponds are usually about 100 times higher than natural conditions 
(R&M 1982). Settling ponds do not effectively remove the fine 
particles causing high turbidity levels. About 90 percent of turbidity 
is caused by particles less than about 10 microns in diameter and a 
well designed settling pond can only be expected to trap particles 
larger than about 10 to 20 microns. Hence, for many operations, a 
significant amount of dilution is necessary to meet the Alaska 
turbidity criterion. Therefore, placer mining operations normally 
cannot meet the turbidity criterion without a bypass or a large stream 
for mixing. 


The Alaska water quality criteria for turbidity are: "Shall not exceed 
5 NTU above natural conditions when the natural turbidity is 50 NIU or 
less, and not have more than 104% increase in turbidity when the natural 
condition is more than 50 NTU, not to exceed a maximum increase of 15 
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NTU" (ADEC 1985). With few exceptions, placer miners are unable to 
meet these criteria. At one site in 1985, a placer operation using 100 
percent recycle, five settling ponds and gravel filters produced a 
final effluent containing only 3.5 NTU (Peterson et al. 1986). This 
was the only documented placer operation meeting the turbidity criteria 
inglJob. Currently, achievement of the Alaska receiving water 
turbidity criteria is primarily a function of the relative volumes of 
the effluent and the receiving stream. Results of recent studies (S&W 
1985b; Peterson et al. 1986) indicate that some miners are able to 
reduce turbidity levels in the receiving stream to hundreds of NTU 
rather than thousands of NTU which was common only a few years ago. 


METALS 


Hardness 


Hardness is the property of water attributable to the total alkaline 
earth content that can produce insoluble soaps. All divalent metallic 
cations cause hardness, but the principal ones are calcium and 
magnesium. Hardness normally ranges from approximately 16 to 116 mg/L 
as calcium carbonate in streams unaffected by placer mining (D&M 1986). 
These values indicate the water is soft to moderately hard. Hardness 
concentrations of 21 to 92 mg/L as calcium carbonate in mined streams 
(D&M 1986) are similar to the range in unmined streams. There is no 
Alaska water quality criterion for hardness. However, hardness 
concentrations are important because of the interaction between 
hardness and some toxic metals. Cadmium, copper, lead, nickel, silver 
and zinc are more toxic at lower hardness concentrations. Formation of 
metallic hydroxides and carbonates occurs at high hardness 
- concentrations leading to precipitation of these metals. Calcium and 
other hardness causing elements may also create physiological 
protection such as on the gill surface of fish. However, the mechanism 
‘of physiological protection is not well understood. 


Iron and Manganese 


Iron concentrations are typically low to moderate in unmined streams, 
ranging from 0.01 to about 0.85 mg/L (D&M 1986). However, iron 
concentrations are quite variable in mined streams, ranging from less 
than the detection limit to over 500 mg/L indicating that placer mining 
significantly increases the iron concentration in some streams. The 
Alaska drinking water criterion for iron is 0.3 mg/L (ADEC, 1985) and 
the criterion for the protection of freshwater aquatic life is 1.0 mg/L 
(EPA, 1976). Consequently, both criteria for iron are exceeded in some 
placer mined streams on a site specific basis. Much of the iron 
released by mining in the ferrous state rapidly oxidizes to the ferric 
state and precipitates to the streambed giving it a rust-red to yellow 
color. . 


Manganese concentrations measured at 15 locations in unmined streams 
ranged from 0.006 to 0.051 mg/L and averaged 0.015 mg/L (Mack 1985). 
Ten measurements in mined streams ranged from 0.006 to 9.57 mg/L with 
an average of 2.46 mg/L. The Alaska drinking water criterion for 
manganese is 0.05 mg/L (ADEC 1982). This criterion was exceeded in 8 
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out of 10 mined streams measured. However, dilution and oxidation 
reduces manganese concentrations downstream. 


Arsenic 


In Alaska, arsenic exists naturally in many surface waters in 
concentrations of 0.01 mg/L or less (ADEC 1979). Placer mining may 
increase the arsenic content in streams by exposing arsenic-containing 
rocks to surface waters and by increasing the load of arsenic-rich 
sediments in streams (Wilson and Hawkins 1978). This can occur in 
areas where the primary lode gold mineralization is associated with the 
mineral arsenopyrite. Arsenic is released from the parent rock by 
mining as dissolved arsenite (As III). Arsenite oxidizes to arsenate 
(As V) under oxidizing conditions (Brown et al. 1982), which is the 


typical situation in Alaska streams. Arsenate can be removed from 
the water column by coprecipitation or adsorption onto hydrous iron 
oxides, aluminum hydroxide and clays (EPA 1980a). Adsorption of 


arsenate appears to remove arsenic from solution to the sediments and 
‘prevent high arsenic concentrations from being present in the water 
column (EPA 1980a). 


Variability of total dissolved and total suspended arsenic 
concentrations in placer mined streams is quite high (R&M 1982). 
Arsenic is mainly transported with the suspended material in turbid 
- streams. This is apparent from data presented by R&M (1982) where the 
mean suspended arsenic concentration below the sluice of 15 mines was 
approximately 200 times greater than dissolved arsenic. Removing the 
suspended and settleable solids from mining wastewater removes the 
majority of arsenic (Bainbridge 1979; R&M 1982; Kohlmann Ruggiero 
Engineers, PC [KRE], 1984; S&W1985b). R&M (1982) found that total 
suspended arsenic decreased by 84 percent in a settling pond and data 
presented by Bainbridge (1979) display an 88 percent reduction in total 
arsenic in ponds. S&W (1985b) reports that a significant portion of 
arsenic settled out in pond systems where mean total arsenic and total 
dissolved arsenic concentrations were reduced by 67 percent for total 
arsenic and 95 percent for total dissolved arsenic. Although settling 
ponds are capable of removing arsenic that is bound up with particulate 
matter, dissolved arsenic and arsenic associated with fine suspended 
solids will not be removed by settling ponds alone. According to EPA 
(1985), arsenic is a component of TSS. Therefore, arsenic is excluded 
in the proposed EPA effluent criteria-for the placer mining industry 
because this toxic metal is effectively controlled (or removed) by the 
technology of the effluent limitation for TSS. 


The Alaska water quality standards (ADEC 1985) for toxic and other 
deleterious organic and inorganic substances are applied by using the 
Alaska Drinking Water Standards (ADEC 1982), EPA's Quality Criteria for 
Water (EPA 1976), or the ambient water quality criteria for 65 toxic 
pollutants including arsenic (EPA 1980b). The drinking water criterion 
for total arsenic is 0.05 mg/L and the criterion for the protection of 
freshwater aquatic life is that the concentration of total recoverable 
trivalent inorganic arsenic should not exceed 0.440 mg/L at any time 
(EPA 1980b). .However, there is no currently acceptable method for 
measuring trivalent inorganic arsenic. Hence, the Alaska criterion for 
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total arsenic is 0.05 mg/L. This level is exceeded at some placer 
mines in Alaska. 


Mercury 


Natural mercury concentrations are so low that they are typically 
undetectable in Alaska streams. Concern regarding mercury at placer 
mines arises because of its use within the sluice box for amalgamation, 
a common practice in the old pick and shovel days of mining but a rare 


practice today. 


Because of its high specific gravity, mercury is very susceptible to 
removal by settling ponds. Removal of the suspended and settleable 
solids by settling results in effective removal of mercury (Bainbridge 
1979). However, mercury associated with small sediment particles or 
dissolved mercury will not be removed by ponds. 


There are several reasons why miners do not use mercury today. Gold 
coated with an oxide will not unite with mercury. Hence, tests need to 
be conducted to determine whether gold in a particular placer deposit 
will amalgamate prior to using mercury. Another reason is economic. 
Mercury is not normally used in the upper part of the sluice box 
because it is economically beneficial to recover as much free gold as 
possible. Because free gold can be sold at the world market price, the 
miner will usually obtain 10 to 20 percent more for his gold if it is 
not treated with mercury. The use of mercury is also limited because 
of its high cost. 


For the protection of freshwater aquatic life the criterion for total 
mercury is 0.0002 mg/L (EPA 1981). This criterion is applied by Alaska 
in receiving streams. Although mercury may be used by miners in rare 
instances, its loss has not been demonstrated to cause water quality 
problems. LaPerriere et al. (1985) indicate that mercury 
concentrations are not significantly elevated in mined streams. 


According to EPA (1985), mercury is a component of TSS. Therefore, 
mercury is excluded in the proposed effluent criteria for the placer 
mining industry (EPA 1985) because this toxic metal is effectively 
controlled (or removed) by the technology of the effluent limitation 
for ,.1Ss. 


Because of the relative absence of the use of mercury by placer miners 
and because its loss has not been demonstrated to cause water quality 
problems, mercury is not considered to be a critical parameter in 
placer mining in Alaska. 


Other Trace Metals 


Concentrations of many trace metals have been measured in mined as well 
as in unmined streams. Most of these metals are essentially unaffected 
by placer mining because their concentrations downstream from mining 
rarely exceed their respective criteria. For example, LaPerriere et 
al. (1985) note that cadmium concentrations are not significantly 
elevated in mined streams, but that copper, lead, and zinc 
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concentrations may be significantly higher in streams below active 
placer mining. This situation was also noted by D&M (1986) in the 
Crooked Creek drainage. Metal concentrations in unmined streams ranged 
from 0.0001 to 0.004 mg/L for lead and zinc and 0.001 to 0.035 mg/L for 
copper. Concentration ranges for these trace metals in mined streams 
were significantly higher: 0.022 to 9.57 mg/L for copper, 0.009 to 
2.46 mg/L for lead and 0.098 to 0.882 mg/L for zinc. 


The Alaska drinking water criteria for these metals is 1.0 mg/L for 
copper, 0.05 mg/L for lead and 5.0 mg/L for zinc. Copper and lead 
exceed their respective drinking water criteria in site specific 
instances. The Alaska receiving water criteria for the protection of 
freshwater aquatic life for these metals is: 0.012 mg/L for copper, 
0.074 mg/L for lead and 0.180 mg/L for zinc when hardness is 50 mg/L 
(EPA 1980b). All three metals have exceeded their respective criterion 
for the protection of freshwater aquatic life at some placer 
operations. 


TOXIC ORGANIC COMPOUNDS 


Toxic organic compounds such as volatile and semi-volatile compounds, 
pesticides and herbicides are primarily synthetic and generally are not 
naturally associated with metal ores. EPA (1985) reported the results 
of analyses for the priority toxic organics for final effluent samples 
collected from 10 mines. Only two priority organics, methylene 
chloride and bis (2-ethylhexyl) phthalate, were detected in the final 
effluent at some of the mines. None of the remaining priority organics 
were detected at any of the mines. In the sampling for the priiority 
organics, 117 of the listed toxic organics were not detected and 
therefore were excluded from further consideration for effluent 
criteria. The two priority organics detected were also excluded 
because they were present in only trace amounts and not likely to cause 
toxic effects. These two organics were present in amounts too small to 
be effectively reduced by current technologies. The presence of these 
two priority organics in other mining industries has been attributed to 
sample and laboratory contamination and EPA felt such contamination was 
the source of these pollutants in placer mine wastewater as well. 


SUMMARY 


The adverse effect of placer mining on downstream water quality is 
mainly due to particulates and metals. All other parameters are 
unaffected by placer mining or are affected to only an insignificant 
degree. Most parameters in receiving waters downstream from placer 
mines meet the criteria of the Alaska water quality standards for all 


the protected uses. Turbidity and TSS are the most difficult 
parameters to control because of the problems encountered in removing 
small particles. Consequently, miners are unable to meet the Alaska 


turbidity and TSS criteria. Many placer operations discharge wastewater 
containing settleable solids exceeding 0.2 mL/L. Concentrations of 
arsenic, copper, iron, lead, manganese and zinc may exceed the Alaska 
criteria for drinking water, recreation or the protection of aquatic 
biota downstream from some placer mining operations on some occasions. 


78 


MONITORING WATER QUALITY PARAMETERS 


One sample station should be located at the end of the mixing zone 
where mining wastewater enters the receiving stream to determine 
whether most parameters meet Alaska receiving water criteria. These 
criteria are set so as not to exceed a given value, to be less than a 
given value or are expressed as a range. The criteria for some 
parameters, such as settleable solids, turbidity, and TSS, are set in 
terms of not exceeding a certain level over background conditions. 
Hence, a control sample station is required upstream from the mining 
operation for these parameters. A third sample station should be at 
the mine effluent to monitor EPA National Pollutant Discharge 
Elimination System permit criteria. The proposed EPA criteria include 
0.2 mL/L settleable solids and 2000 mg/L TSS (EPA 1985). Samples 


-. eollected at all stations should consist of three or more grab samples 


across the stream. These samples should be combined to forma _ single 
composite. Also, parameters measured in the field such as dissolved 
oxygen and temperature should be measured at least at three points 
across the stream and averaged to obtain the reported value. 


Although all the parameters previously discussed are important for 
characterizing water quality, some are more critical for monitoring the 
performance of placer mining. The most important parameters to include 
in a monitoring program are, in order of decreasing importance, 
settleable solids, turbidity, TSS, arsenic, iron, copper, lead, zinc 
and manganese. High levels of all these parameters adversely affect 
water used for drinking, recreation, or the protection of aquatic 
biota. Settleable solids is the most critical parameter because the 
solids cover streambeds smothering benthic organisms and spawning 
habitat. They may also pack the streambed with particles thereby 
reducing habitat diversity and affecting interstitial water flow. 
Turbid conditions reduce the number and diversity of organisms 
dependent on photosynthesis and adversely affect sight feeding 
organisms. TSS contain particles causing settleable solids and 
turbidity. Total arsenic, iron, copper, lead, zinc and manganese 
concentrations must. be measured because levels of these metals have 
been shown to exceed criteria on a site specific basis. Total metals 
as opposed to total recoverable metals are measured because established 
criteria are in terms of the total fraction. Finally, hardness should 
be measured to relate the toxicity of copper, lead and zinc 
concentrations to criteria for the protection of aquatic biota. 


Measurement of many water quality parameters should not be attempted by 
inexperienced people. Even sample collection should be coordinated by 
an experienced sampler to insure proper sample collection and 
preservation techniques are used. For example, specific types of 
containers (plastic or glass), bottle cleaning requirements, 
preservatives, and sample holding times are specified for each 
parameter. It is beyond the scope of this handbook to reprint the 
specific sample collection, preservation and analytical techniques for 
each parameter. Detailed descriptions of these techniques appear in 
Standard Methods for the Examination of Water and Wastewater (American 
Public Health Association 1985) and in EPA's Methods for Chemical 
Analysis of Water and Wastes (EPA 1983). 
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METHODS FOR MITIGATING WATER QUALITY DEGRADATION 


Two techniques for improving downstream water quality, either 
separately or in combination, are employed in Alaska. One technique is 
reduction of water use. The second technique, includes various 


wastewater treatment technologies employed to improve effluent quality, 
such as settling ponds, effluent filtration and effective use of a 
stream bypass and the tailrace. 


WATER USE REDUCTION 


The volume of makeup water (fresh water added to the processing stream) 
required in an operation can be significantly reduced by either 
recycling, reducing the volume of water used in processing or employing 
a combination of the two methods. S&W (1985b) showed that recycling 
could reduce the volume of makeup water required to as little as 4 
percent of the total process water required. Water use can also be 
significantly reduced by using paydirt classification, which is removal 
of oversize material from the processing stream. Complex factors 
affect water use in a sluice and the water volume used depends to a 
great extent on the type of material processed and the judgement of the 
mine operator. The volume of water used for sluicing varies from a few 
hundred to many thousand gallons per minute (gpm). The highest water 
use occurs in conventional sluice boxes with no classification, and 
averages about 3000 gpm. Water use in a sluice with undercurrents, a 
form of classification averages about 2500 gpm. 


Water duty is the volume of paydirt moved per unit volume of water and 
is an appropriate measure of water use. S&W (1985b) defines water duty 
as the number of bank cubic yards of paydirt processed per 1000 gallons 
of water. Water duties at 24 mines (R&M 1982; S&W 1985b) ranged from 
0.26 to 3.3 with an average of 0.88. Comparison of 23 sluice 
operations in these studies demonstrates that operations with feed 
classification use less water than operations without classification. 
The volume of water used per cubic yard processed by current mining 
practices can be computed from water duty. Using mean water duties 
from the studies cited above, the volume of water used to sluice one 
cubic yard of pay dirt is 830 gallons for operations with feed 
classification and 1820 gallons for no feed classification. 


Currently, the most widespread and effective technique for reducing 
water use at Alaska placer mines is feed classification or 
classification within the sluice. A few operations use jigs, which 
significantly reduce water use. However, jigs are expensive and more 
complicated to operate. 


Reducing water use by classification or other means results in improved 
downstream water quality as long as the operation is located off stream 
and a clearwater bypass is provided. Reduced water use results in 
better settling within the settling pond system and reduces effluent 
volumes. This situation along with a clearwater bypass results in 
lower sediment. loading in the receiving stream. 
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TREATMENT TECHNOLOGIES 


There are a number of methods to improve effluent quality. The most 
important of these methods is the settling pond. Other methods include 
effluent filtration and effective use of a stream bypass and the 
tailrace. 


Settling ponds are the most common means for removing sediment from 
placer mining wastewater, and are a required treatment scheme in Alaska 
(Yost 1982). Of six mine operations studied by S&W (1985b), one used 
filtration through tailings and had no surface discharge. Total 
suspended solids removal at the other five mines ranged from 82 to 99.8 
percent with an average removal of 92 percent. Turbidity removed in 
the ponds at these five mines averaged 70 percent and ranged from 13 to 
86 percent. Because of the presence of clay and silt, the turbidity 
criterion is virtually impossible to attain with settling ponds alone. 
Settleable solids levels discharged from well designed and maintained 
settling ponds are quite low, 0.1 mL/L or less. Small ponds receiving 
substantial flow or ponds that have filled with solids normally 
discharge water containing relatively high settleable solids levels. 


A bypass diverts that portion of the stream flow which is not needed 
for sluicing around the processing area and settling ponds. Improved 
settling pond performance and increased dilution of the final pond 
effluent are two water quality benefits of a bypass. Of the six mines 
studied by S&W (1985b), only one bypassed all excess flow around the 
settling ponds, and then only in the latter half of the summer. In 
this instance, water quality measured 500 feet downstream from the 
confluence of the mine effluent and receiving stream was better with 
. the bypass despite the fact that the final pond effluent quality was 

worse. This is illustrated by mean levels of three parameters listed 
below. 


No Bypass With Bypass 
Final Pond 500 Feet Final Pond 500 Feet 
Effluent Downstream Effluent Downstream 
Settleable 
Solids, ml/L 0.59 O27Z 4.0 0.48 
Total Suspended 
Solids, mg/L 1625 1447 LY =350 911 
Turbidity, NTU 2020 2190 7300 1010 


A tailrace is important because, depending on its gradient, substantial 
amounts of the coarse and fine tailing fractions can be _ removed. 
Flattening the gradient will reduce the solids volume loading on a 
settling pond but will increase the volume of coarse tailings material 
to be removed and stacked by mechanized equipment. A _ tailrace 
sufficiently long to permit the construction of a meandering path of 
flow will also allow the larger particles (sand size and larger) to 
settle out before reaching the pond (Sexton 1982; R&M 1983). Data 
presented by Bainbridge (1979) and R&M (1982) indicate improved solids 
removal in longer tailraces. There is no theorectical basis, however, 
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for a significant direct water quality benefit from a longer tailrace 
if the settling pond is adequately designed and maintained. However, 
premature filling of ponds resulting in decreased performance could be 
lessened if additional solids are removed in the tailrace. 


Filtration may be conducted by directing wastewater through tailings 
dams or by direct discharge to tundra or vegetation. Efficiency of 
filtration through tailings depends on the particle size of the 
tailings, thickness of the tailings dam, physical characteristics of 
the suspended sediments and the volume of wastewater to be filtered. 
Filtration holds little promise as a primary treatment technique 
because the high concentrations of solids in an effluent will quickly 
pack a filter. However, filtration may be effective as a final 
polishing step downstream from settling ponds. Bainbridge (1979) and 
the Department of Indian and Northern Affairs (Yukon Territory 1981) 
each report field data showing that filtration may provide a relatively 
clear effluent or a very cloudy effluent. Of the six mines studied by 
S&W (1985b), only one employed filtration through tailings and this was 
in conjunction with a pond system. Water quality in the receiving 
stream was better than at the other mines studied. Settleable solids 
levels were always less than 0.1 ml/L, total suspended solids averaged 
376 mg/L and ranged from 20 to 950 mg/L and turbidity averaged 450 NTU 
and ranged from 45 to 1100 NTU. Peterson et al. (1986) note that two 
1985 field tests of filtration with tundra vegetation proved no more 
effective than settling ponds at removing turbidity. However, both 
tests were conducted at relatively high sediment loading rates. 


WATER-RELATED REGULATORY REQUIREMENTS 


The regulatory program for placer mining on National Park System lands 
in Alaska requires action by the Environmental Protection Agency (EPA), 
the Alaska Department of Environmental Conservation (State), the tppsy. 
Army Corps of Engineers (Corps), and the National Park Service (NPS). 
Each agency has singular responsibilities to manage separate aspects 
related to maintaining the quality of water affected by mining. 


At the heart of the regulatory program are water quality standards, 
which are established by the State. Standards are made up of the use or 
uses that can be made of water bodies and the water quality criteria 
necessary to protect that use or uses. The purposes of water quality 
standards are to protect public health and welfare, enhance the quality 
of the water, and to serve the broader purposes of the Clean Water Act. 
The standards serve as the regulatory basis for the establishment of 
water quality-based treatment controls and strategies beyond the 
technology-based levels of treatment required by sections 301(b) and 
306 of the Clean Water Act. 


Water quality criteria are elements of the water quality standards 
expressed as constituent concentrations that represent the quality of 
water that will protect a designated use. When the criteria are 
properly selected and met, it is assumed that the resulting water 
quality will protect the uses. The criteria are established through the 
use of bioassay or biological criteria, by adopting or modifying EPA's 
guidance or by using narrative descriptions where numerical values 
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cannot be established. The criteria adopted by the States in their 
water quality standards are enforceable requirements that are used to 
regulate man-made alterations and concern such constituents as 
dissolved oxygen, pH, fecal coliform bacteria, and temperature. 


Alaska's water quality criteria, when used in combination with the 
water use designation, constitute the water quality standard for a 
particular water body. The water quality standards regulate man-made 
alterations to the waters of the state. The surface waters in National 
Park System units in Alaska are protected for all designated use 
categories. The most stringent criteria for each parameter among the 
various designated water uses is used to protect the receiving water 
quality. As part of the Clean Water Act's antidegradation policy, the 
State regulations prohibit reclassification (i.e., downgrading) of uses 
'for waters within units of the National Park Service. The State has 
established criteria for turbidity and sediment, the two primary water 
quality criteria of concern for placer miners. The turbidity criterion 
requires that dischrges may not exceed five NTU above’ natural 
- conditions when the natural turbidity is 50 NTU or less, and not have 
more than 10 percent increase in turbidity when the natural condition 
is more than 50 NTU, not to exceed a maximum increase of 25 NTU. the 
criterion for sediment requires that there be no increase in 
concentration of sediment, including settleable solids, above natural 
conditions. 


Under the National Pollutant Discharge Elimination System (NPDES), 
permits are issued to discharges to ensure that discharges do not 
violate water quality standards following the general requirements of 
section 402 of the Clean Water Act. In the case of Alaska, the state 
does not have primacy for issuing NPDES permits. Such permits are 
issued by the EPA for all dischargers in Alaska. EPA issues the NPDES 
permits that contain water quality-based permit limitations which EPA 
believes meet the requirements of the state's receiving water quality 
standards. Before they go into effect, the state of Alaska must 
"certify" that the state's criteria will be met by the permit 
conditions prescribed. under section 401 of the Clean Water Act. The 
State may enforce water quality standards directly, apart from the 
NPDES permit as well. 


The EPA proposed effluent limitation guidelines and standards for 
placer mining in November, 1985. The draft guidelines define the 
technology-based discharge standards that must be met by placer mining 
operations. The guidelines, which define best practicable technology 
(BPT), best conventional technology (BCT), best available technology 
(BAT), and new source performance standards (NSPS), establish different 
requirements depending on the size of the proposed placer mining 
operation. According to EPA, these effluent guidelines meet the State's 
receiving water quality criteria. — 


The four classes of operations, based on their daily production rates, 
are: 1) fewer than 20 cubic yards; 2) all mines producing between 20 
and 500 cubic yards; 3) all mines, except group 4 below, with 
production of greater than 500 cubic yards; 4) large dredges operating 
in self-contained ponds and producing more than 4000 cubic yards. EPA 
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concluded that effluent limitations for mines producing fewer than 20 
cubic yards per day are not warranted at this time. As a consequence, 
EPA proposes that permit limitations will be developed based on the 
best professional judgement of the permit writer for the smallest class 
of operation. For the second class of operations, EPA proposes that the 
control technology for BPT, BCT, and BAT be simple settling ponds with 
a minimum six hour detention time and an effluent quality of 0.2 ml/1 
settleable solids and total suspended solids of 2000 mg/l. For the 
remaining two classes, EPA proposes that BCT, BPT, and BAT effluent 
limitation guidelines be based on total recycle of process water. ~ 


At this time, it is unclear when the final effluent limitation 
guidelines and standards will be promulgated. Until they are published 
as final , the NPDES permits issued will be developed on a case-by-case 
basis to meet the State standards. 


In addition to NPDES permits, placer mining operations are required to 
obtain permits from the Corps under section 404 of the Clean Water Act. 
That section deals with the discharge of dredge or fill material into 
the waters of the United States. The Corps issues the section 404 
permit, subject to certification by the State that State water quality 
standards will be met. 


All mining operations in units of the National Park System are required 
to comply with the requirements of 36 CFR 9A which implement the Mining 
in th Parks Act. The regulations require, among other things, that 
operators prepare and submit plans of operation for NPS approval. 


- Before the Regional Director of NPS may approve a plan of operations, 


he must assure that the applicant has taken all steps necessary to 
comply with any Federal, State, or local laws or regulations. For 
placer mining, at a mininmum, this would include both NPDES and section 
404 permits. The applicant must also clearly set forth his proposed 
operating methods and outline his plans for protecting the resources of 
the park during mining. In addition, the plan requires the operator to 
describe his plans for reclaiming any lands disturbed in the course of 
his operations. 


Each of these regulatory requirements is designed to ensure that placer 
mining operations do not adversely affect natural resources that are of 
national significance. Both the Mining in the Parks Act and the Clean 
Water Act were passed to ensure that-activities permitted or licensed 
by the Federal government would not result in degradation of resources. 
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CHAPTER 4 


RECLAMATION 
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INTRODUCTION 


This chapter describes reclamation procedures and practices applicable 
at typical Alaska placer operations. The term "reclamation" is used 
because the area may or may not be returned to its Original use while 
"revegetation" only refers to the return of a vegetative cover and 
"rehabilitation" may refer solely to visual aspects (Bradshaw and 
Chadwick 1980). The objective of placer minesite reclamation is to 
return aquatic and terrestrial habitats to as near a premining state as 
possible. Habitats should be physically rehabilitated within a year 
following mining and biologically reclaimed in a timely manner. It 
Should be noted that many placer mined areas cannot be reclaimed to 
their original condition because mining alters the soil conditions and 
‘thus the composition of vegetation that becomes reestablished. For 
example, the concentration of relatively coarse tailings and 
elimination of permafrost during mining results in warmer, well drained 
soils. Alterations in native soil conditions (e.g., texture, 
Structure, compaction, drainage and organic soil content) may encourage 
the development of plant communities that did not exist previously. 
Furthermore, when ice-rich permafrost thaws, the local topography may 
be altered to the extent that it is infeasible to restore the original 
topography. 


Alaska manifests a diverse environment Spanning four climatic zones: 
arctic, continental, transitional and maritime. Climatic extremes 
range from cold, dry arctic conditions in the north and northwest, 
moderating somewhat through the Interior, to warmer, wetter conditions 
“in Southeast Alaska. In general, climatic regimes relate closely to 
permafrost conditions: continuous, discontinuous, sporadic, and 
permafrost-free. Vegetation types are a result of climate, incident 
solar radiation, ground temperature, ground moisture, site history and 
soil type. The reestablishment of terrestrial plant communities is 
largely a function of climate, permafrost conditions and the depth of 
annual thawing (active layer). Successful reclamation of aquatic 
communities is contingent on site-specific stream hydraulic properties, 
ice conditions, substrate properties, incident solar radiation and 
water quality. 


AQUATIC RECLAMATION 


Aquatic reclamation involves the modification of stream characteristics 
to approximate natural conditions above and below a mine site. Stream 
reclamation should provide proper design flows, stream patterns and 
placement, hydraulic design and channel Stability. Furthermore, stream 
reclamation can be refined to improve habitat quality to a condition 
even more suitable for aquatic organisms than the original stream 
conditions. Channel designs for fish-bearing streams should emphasize 
the development of habitat providing proper velocity, depth, substrate 
and cover. 


Aquatic reclamation may require a significant amount of earthwork on 
the part of the miner. The most effective means of achieving the goal 
required is to develop a multi-year mining plan that recognizes 
reclamation objectives for placement of overburden stockpiles, settling 
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ponds, tailings piles and bypasses such that the areal extent of 
disturbed habitat at any one time is kept to a minimum. 


STREAM CHANNEL 


Gravelbed stream channels generally adjust their channel pattern, 
channel geometry and longitudinal profile through erosion’ and 
deposition. Factors affecting erosion and deposition processes include 
stream discharge, sediment transport, bed and bank material and valley 
slope (Hey 1982). Although infrequent flood events (e.g., 100-year 
floods) can transport large quantities of sediment, smaller floods 
having significant sediment transport capabilities have a greater 
effect on stream channels. 


A major objective of aquatic reclamation is to design a stream channel 
which approximates pre-existing stream patterns, cross-sectional 
geometry, longitudinal profile and sediment-transport characteristics. 
Accommodations should be made for indigenous aquatic species in the 
reclaimed stream. A properly reclaimed stream requires minimal 
adjustment by the stream upon completion and should consequently 
reestablish natural equilibrium conditions rapidly. 


Initial steps in stream reclamation include the assessment of 
acceptable flood risks in relation to the labor and materials required, 
selection of a flood recurrence interval for channel design and 
computation of corresponding discharge. The flood recurrence interval 
denotes the probability that a flow of a particular magnitude will 


occur within a stated period of time. Once acceptable recurrence 
intervals have been selected, corresponding stream discharges must be 
evaluated. High and mean annual stream flows of varying recurrence 


intervals may be predicted for Alaska streams on the basis of drainage 
area and mean annual precipitation, by using equations developed by 
Parks and Madison (1985). Alternative equations developed by Ashton 
and Carlson (1984) for high spring flows in southcentral and interior 
Alaska may also be used. Once a design-flood recurrence interval and 
discharge are computed, an appropriate stream pattern must be selected. 


Stream Pattern 


The stream pattern of the reclaimed stream channel should approximate 
the pattern which existed prior to mining. Channel patterns used in 
stream reclamation include meandering, mountain and braided. 


In selecting an appropriate stream pattern, actual field observations 
and data should be used at sites which have not been disturbed by 
upstream mining. Data which should be collected and mapped to scale 
include stream course, number and length of pools and riffles and the 
location and number of channels within a given reach of stream. These 
data should be collected from actual field surveys whenever possible, 
but may also be determined from aerial photographs or topographic maps. 
The length, number and degree of bends and the number and location of 
pools and riffles in reclaimed streams should be similar to the natural 


stream pattern. 
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In valleys which have been mined to the extent that natural stream 
patterns cannot be determined, theoretical data must be used to 
evaluate an appropriate stream pattern. Leopold and Wolman (1957) 
indicate that the categorization of streams into braided, meandering, 
and straight channel patterns may be difficult. Several studies 
(Leopold and Wolman 1957; Schumm and Khan 1972; Bray 1982) indicate 
that the causative factors for meandering and braided channel patterns 
cannot be clearly differentiated. However, trends in stream pattern 
are related to channel and valley slopes, bankfull discharge and in 
some instances, bed-material size. For example, if the slope of the 
valley is gentle enough, a meandering stream may be considered. 
However, if the slope is too steep for a meandering stream, then a 
mountain stream pattern should be considered. If the bedload transport 
in the stream is expected to be high during summer flow levels, a 
braided pattern may be considered. 


Meandering Streams - Considerations in the design of a meandering 
stream channel include channel geometry and bed stability, channel 
_ pattern, riffle and pool-spacing, location, cross section and profile. 
An approach for evaluating the general hydraulic geometry of meandering 
Streams is presented by Rundquist et al. (1986). 


The channel pattern of a meandering stream is determined by its 
Sinousity and meander arc length (Hey 1983). The sinuosity is the 
ratio of the channel length to the valley axis length. In general, the 
Sinuosity of meandering streams should be between 1.3 and 2.5. The 
meander arc length is the channel distance between two points of 
inflection. The number of meander arcs at a site can be calculated by 
‘Knowing bankfull channel width, sinuosity and the length of the site. 
The number of meander sequences is simply half the number of meander 
arcs over a specified distance. 


Placement of pools and riffles is critical in the design of meandering 
streams. The depth, length and spacing of pools depend on the radius 
of the meander arc, sediment load and stream size (Karaki et al. 1974). 
Generally, pools and riffles occur alternately every 5 to 7 channel 
widths apart (Leopold et al. 1964). At low flows, the water surface 
Slope is gentle in pool areas and steep in riffle areas. As flows 
increase, the water surface slope in pools increases while the riffle 
water surface decreases its steepness. 


Mountain Streams - Stability is the major design consideration in 
reclamation of mountain stream channels. High channel velocities erode 
small materials on the stream bed and banks. Therefore, large rocks 
should be used to armor the channel. 


Simons, Li and Associates (1982) used previously established 
relationships between stream velocity and channel roughness to design 
channel geometry, discharge and depth of flow in mountain streams. The 
optimum shape for a mountain stream is dependent upon site-specific 
parameters, including the 2-year high flow, the median riprap size 
available and the channel slope. 
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In natural mountain streams, as in meandering streams, the riffle-pool 
sequence repeats about every 5 to 7 channel widths. By alternating 
flatter sections and shorter, steeper sections along the length of the 
channel, a natural riffle and pool sequence can be created. 


The reclamation of mountain streams for aquatic habitat should focus on 
the design of channel structures and modifications that create habitat 
diversity. The creation of uniform, straight-channel streams that have 
little or no structural diversity should be avoided. 


Channel modifications such as the placement of boulders, rock islands 
or submerged-rock weirs can be used to enhance habitat diversity for 
aquatic invertebrates and provide rearing habitat for fish in mountain 
streams. The placement of boulders and rock weirs must be adequate to 
allow fish passage at both high and low flows. 


Braided Streams - Since, by nature, braided channels are unstable and 
adjust their position frequently within the stream valley, their 
configuration is less critical than for meandering or mountain streams. 
Design parameters for braided streams include channel geometry, channel 
pattern and channel profile. 


Braided streams are characterized by unstable beds, in which the 
transportation of bed material occurs at relatively low flows. 
Therefore, any attempt to increase bed stability in braided streams is 
unnecessary. Braided streams should be constructed with a main channel 
that carries most of the flow and several high-water channels that 
carry some flow. 


Stream Cross-Section 


The cross-section of a reclaimed stream channel should approximate the 
condition which existed prior to mining, or alternatively, the 
condition which occurs above or below the mine site. If data are 
unavailable, the stream cross-section should be based on theoretical 
design-flow using an appropriate recurrence interval. Usually, the 
accepted flood event for defining the channel cross-section is the 
bankfull flood (Leopold and Wolman 1957; Nixon 1959; Parker 1979; Hey 
1982). 


Stream Length 


Stream length design is a critical element of stream reclamation. If 
the stream length is shorter than its original length, the slope will 
be steeper causing erosion at the upper end of the site and deposition 
in downstream reaches. In contrast, if the stream is longer than the 
Original length, material will deposit in the upper end of the site and 
will erode in the downstream reaches. 


Stream Placement 


If the valley is mined on one side first, then on the other, final 
Stream placement should be made along the valley wall that was mined 
first. This minimizes the number of temporary diversions required 
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during mining and provides for final stream placement at the earliest 
possible time. Within the constraints imposed by the stream pattern 
selected, the stream may be placed so that it shifts from one side of 
the valley to the other. The stream channel should be placed to avoid 
erosion of settling ponds and overburden stockpiles. 


Streambed Elevation 


Elevation of the reclaimed stream bed should be similar to that of the 
original stream bed. If the stream is located lower than its natural 
level, erosion may occur at the upstream end. If the channel were 
placed too high, deposition may occur at the upper end, while erosion 
will occur further downstream. New erosion and deposition resulting 
from incorrect stream elevation (or length) are natural processes 
through which the stream adjusts its pattern to equilibrium conditions. 


Channel Stability 


Channel stability is the capacity of a stream to resist erosion of bed 
_ and bank materials and the lateral movement or possible failure of the 
channel. Bed stability of a reclaimed stream may be evaluated by 
comparing the slope of the reclaimed stream to the equilibrium slope. 
The equilibrium slope is the slope at which bed material is about to 
move for the given flow, geometry and bed material size. According to 
Simons, Li and Associates (1982), the channel is assumed to be stable 
if the channel slope is approximately equal to or less than the 
computed equilibrium slope. If the channel slope is greater than the 
equilibruim slope, the channel bed is probably unstable. Where greater 
bed stabilities are necessary, an armor layer (boulders) can be 
constructed or the size of existing armor layer materials can be 
increased. 


Several layers of different sized armor material should be used in 
constructing a bed armor layer. A gravel layer at least 6 inches deep 
should be laid down first (Joyce et al. 1980). In low velocity 
streams, a subsequent layer consisting of large cobbles and small 
boulders should be placed above gravel-sized material. In higher 
velocity streams, riprap (large rocks or boulders) may be required in 
areas where bed scour should be avoided. The shape, size and type of 
rock are the important considerations in selecting erosion-resistant 
riprap materials. The rock should be hard, dense and durable. A 
gravel filter may be necessary behind the riprap layer to prevent the 
loss of bank material through voids in the riprap. 


Erosion of channel banks and lateral movement of the channel may be 
avoided by protecting the bank with revetment. However, revetment will 
preclude vegetative development on the banks. 


AQUATIC HABITAT 


Placer mining can reduce stream habitat quality for periphyton, aquatic 
invertebrates and fish populations. Reclamation plans should include 
an assessment of populations occurring in or near the mined stream, an 
evaluation of the seasonal habitat utilization patterns of fish and 
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ideally an attempt at restoring both population and diversity to 
premining levels. Reclamation design should include features that allow 
use of the reclaimed site hy indigenous aquatic species. Tn some 
instances, stream channel reclamation may be used Lo create habitat 
conditions which are more suitable to fish than natural conditions. 
The selection and placement of features for the restoration of aquatic 
habitat in mined streams depends on the stream type, the value of the 
stream as aquatic habitat prior to mining and the degree of habitat 
alteration caused by mining. 


Habitat diversity is one of the key elements to successful stream 
reclamation. Channel structure not only influences streamflow 
components of the aquatic habitat, but may also influence biological 
factors such as aquatic food production and habitat utilization by 
Macroinvertebrates. Channel design may be used to increase the 
diversity of depths and velocities in the reclaimed stream. By 
designing for streamflow diversity, suitable depth and velocity 
_ conditions are provided for a variety of organisms over a range of flow 
levels. Habitat diversity may further be enhanced by creating 
heterogeneous substrates composed of different size bed materials. 
Within the constraints imposed by other environmental parameters in the 
system, substrate diversity facilitates the development of diverse 
benthic macroinvertebrate communities. Other elements of habitat 
reclamation include the addition of stream stabilization structures to 
enhance pool areas and the presence of cover for fish. Streamside 
vegetation is also important for modifying aquatic habitats, 
_ Stabilizing streambanks and as a nutrient source for the stream. 


Reclamation should be concerned with fish passage in streams supporting 
important fisheries. Passage requirements are primarily related to 
depth and velocity criteria. Depths and velocities must be within an 
acceptable range so that fish can utilize available habitat at and 
above the mine site. Consequently, passage requirements should be 
included in the channel-design phase of stream reclamation. Once the 
stream channel has been designed for fish passage, modifications can be 
made to the stream to enhance rearing habitat. 


The reclamation of rearing habitat usually requires a higher degree of 
complexity in channel design than simply providing for passage. There 
are a number of methods for improving rearing habitat during stream 
reclamation. Submerged logs can be lashed together and held in place 
by rocks or vegetation. Another method is to anchor trees, large 
branches or root bundles to the stream bank. Rearing habitat can also 
be created by placing large rocks or boulders directly in the stream. 
Wing deflectors (rocks placed along one bank) are considered to be one 
of the most useful devices for improving fish habitat (White and 
Brynildson 1967). These structures guide and concentrate stream flow, 
thereby increasing the depth of pools and the angle of slopes on banks 


and bends. In some situations, submerged rock weirs may be preferable 
to wing deflectors. The restoration of spawning habitat, particularly 
for salmon, may involve considerable biological and hydraulic 


engineering design. 
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SETTLING PONDS 


The approach taken for settling pond reclamation depends on the 
location of the settling pond relative to the final reclaimed stream 
channel and the amount of organic and fine inorganic material available 
at -the site. The preferred alternative is to site the pond to avoid 
the active floodplain of the reestablished stream. In instances where 
settling ponds are situated within the active floodplain, it may be 
necessary to remove. fine sediments from the settling pond. However, 
sediment removal is difficult and creates problems of stabilizing the 
sediment at anew location. Any sediments removed from the ponds 
should be placed where they will not drain directly into the stream and 
should be located in areas where they are protected from the erosive 
action of stream discharge and surface drainage. The construction of 
-berms between sediment stockpiles and the stream will prevent silt 
from being washed into the strean. - 


Some of the fine sediments removed from the pond may be spread over 
graded tailing piles when there is an insufficient amount of suitable 
inorganic soil material at the site. Alternatively, the sediments may 
be stabilized in place by placing a protective armor of oversize 
material over the pond. When the settling pond is reclaimed in place, 
lateral migration of the stream channel into the reclaimed settling 
pond may be prevented by using riprap where necessary. 


TERRESTRIAL RECLAMATION 


The primary goal of terrestrial reclamation is to return the area of 
disturbance to as close to a premining condition as possible. This 
process involves the stabilization of floodplain’ materials, 
reestablishment of natural vegetative communities and the promotion of 
vegetative recovery (Dick 1974). Rehabilitated mine sites can be 
expected to support different wildlife species at different stages of 
vegetative succession (Durst 1984). Reclamation of terrestrial habitat 
encompasses site grading throughout the entire area of disturbance, 
dispersement of organic overburden stockpiles and revegetation of 
riparian habitat, inactive floodplains and valley terraces (Keller and 
Leroy 1975). | 


Site grading involves the reduction of tailings piles to specified 
slopes for control of site drainage patterns, the stabilization of 
settling ponds and the control of site erosion and sedimentation. The 
first task of terrestrial reclamation is to modify the topography by 
grading the tailings piles. This serves to minimize erosion (Becker and 
Mills 1972), reduce the potential for nonpoint source pollution (Leroy 
1973) and to enhance revegetation (Becker and Mills 1972; Leroy 
1973).Proper contouring provides for high water discharge and sediment 
catchment basins. Final slope grading and contouring are especially 
important in riparian habitats where it is critical for the stream to 
remain in its designed channel for the first several years. Following 
final site grading and contouring, stockpiled overburden and vegetative 
Slash can be dispersed to enhance the recovery of native vegetation. 
Revegetation can be accomplished by broadcasting vegetative debris, 
planting viable portions of live shrubs, transplanting live vegetation, 
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and seeding (Saville 1972; Billings 1974; Dabbs et al. 1974; Johnson 
and Van Cleve 1976; Joyce 1980; Johnson 1981). In addition, woody 
vegeLation, trec trunks and rock piles can be strategically located to 
attract small mammals and birds. 


Terrestrial reclamation may require a significant amount of earthwork 
on the part of the miner. As with aquatic reclamation, the most 
effective means of minimizing the work required is to develop a 
multi-year plan that recognizes the reclamation objectives and 
establishes erosion control during mining by placing overburden 
stockpiles, settling ponds, tailings piles, ditches, and bypasses 
accordingly. 


OVERBURDEN DISPERSEMENT 


The replacement of organic overburden should be carried out in a manner 
which assists in returning the site to as close to premining conditions 
as possible. At sites where sufficient quantities of organic 
overburden are not available, inorganic fines from settling ponds may 
be used in lieu of organic material. 


One important consideration regarding overburden is whether more harm 
will be done by redisturbing the overburden stockpile. Miners 
typically move overburden upslope away from the area to be mined. 
Vegetation is quickly reestablished in the stockpiled-overburden area, 
sometimes within less then 1 year. Hence, the choice becomes one of 
moving overburden containing established vegetation in order to cover 
tailings piles, thereby creating a potential for more erosion, or 
leaving the overburden in place recognizing that it will take longer 
for vegetation to become established on the contoured tailings. 
Without any overburden, some tailings piles may remain unvegetated for 
more than 30 years (Holmes 1981). A useful compromise is to use a 
frontend loader to move some overburden and vegetation to selected 
areas in the tailings to establish "islands" of vegetation. 
] 

Although the rate and extent of natural revegetation varies 
dramatically with prevailing climatic conditions, the greatest 
impediment to natural revegetation is often the lack of moisture in the 
substrate (Berry 1970, Johnson et al. 1981). Natural revegetation is 
accelerated in areas where moisture can be retained in the organic 
material (Berry 1970). Before overburden stockpiles are distributed, a 
layer consisting of fine sediments, sand and fine-textured organic soil 
should be applied to retain moisture. The minimum thickness of this 
layer should be at least 10 cm. Additional benefits may occur with up 
to 50 cm or more of overburden depending on subsoil and climatic 
conditions. 


REVEGETATION 


Revegetation serves to enhance the recovery of native plant species 
which in turn reduces nonpoint source pollution and creates wildlife 
habitat (Dick 1974). The most effective techniques for enhancing 
natural revegetation include broadcasting shrub debris and 
transplanting intact tundra plots (Dick 1974; Joyce 1980). 
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Surface broadcasting entails the distribution of viable stems, branches 
and roots of small shrubs across the upper surface of organic soil 
layers (Joyce 1980). When woody plant parts are broadcast on soils 
having adequate moisture retention, the revegetation process is 
accelerated through the immediate development of mid-successional stage 
species which are shrubs (Viereck 1970). These materials should be 
distributed as soon as possible and at least within one year of 
stockpiling if at all possible (Rundquist et al. 1986). 


Large-scale transplanting can also be an effective technique for 
enhancing revegetation. The most successful method for transplanting 
is to collect large tundra plots using a front end loader, as_ the 
material is being stripped for future mining. Although there is no 
optimal plot size, the survival rate of vegetative material is higher 
when large plots are removed. In general, the plot should contain 12 
to 18 inches of soil containing undisturbed surface vegetation (Zasada 
and Epps 1976). Considerations for plot storage include protecting the 
material from surface runoff and high streamflow and preventing 
dessication. 


At some sites it may be necessary to stabilize steep slopes by seeding 
with annual grasses, but only when they contain exposed erodible 
materials. The proper methods for seeding an area are described in 
Miller et al. (1983). Ideally, native grass seed should be raked into 
surface soil layers by dragging a section of chainlink fence behind a 
vehicle. If necessary, the area can be lightly fertilized to speed the 
‘revegetation process. Exotic species must be avoided, because they may 
impede reestablishment of native plants (Johnson 1984). 


Any attempt toward revegetation should occur during the late spring to 
early summer or at freeze-up. If seeding is necessary, it should be 
completed by mid-summer or at freeze-up if site work does not allow 
seeding until late summer. 


RIPARIAN HABITAT 


The riparian habitat is the area adjacent to the active stream channel. 
This area supports terrestrial vegetation adapted to specific soil 
moisture and nutrient conditions near the stream. If the stream either 
supports fish or is being rehabilitated to provide fish habitat, 
overburden material should be distributed in the riparian habitat to 
enhance revegetation. The features developed in the riparian 
floodplain are dictated by hydrologic and engineering constraints 
imposed by stream channel design. 


For meandering streams, the bankfull elevation (top of the stream bank) 
may be used as a reference for grading the active floodplain elevation. 
Although a grade of 50 to 1 is recommended on the inside of meanders 
(ADEC 1979), site constraints may dictate the use of a slope with 
maximum steepness of 10 to 1. On the outside of the meander, 
floodplain slopes should be graded to a maximum steepness of*3..2tose)¢ 
Overflow channels may be required between some meander bends to carry 
water greater than bankfull. A small berm should be constructed at the 
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downstream end of such channels. A small terrace should be constructed 
on the outside of meander bends to minimize runoff and promote the 
development of riparian vegetation. 


In mountain streams, terraces can be constructed on either side of the 
channel to collect sediments and channel high-water flows. The slope 
of such terraces should range between 10 to 1 and 50 to 1 away from the 
bankfull stream channel (ADEC, 1979). 


Braided streams should be designed with a main channel to contain the 
banxfull flow along with highwater channels for carrying higher flows. 
The channels should wind through the floodplain in a _ braided-stream 
fashion. In braided floodplains, riparian habitats can be created from 
graded tailings between active channels. The upstream end of these 
"islands" should be stabilized by placing riprap to minimize erosion. 
Tailings piles within the active floodplain of a braided channel should 
be graded parallel to the direction of flow and stabilized to conform 
_ to the stream flow pattern. 


After the slopes and elevations of the riparian habitat have been 
established, organic material should be placed in areas that provide 
the greatest benefit for revegetation. Although a single flood event 
could potentially erode this material before vegetation becomes 
. established, with proper hydraulic design the potential benefits to 
terrestrial rehabilitation probably outweigh the risks. In addition, 
protective devices can be installed at all locations where organic 
material is to be placed. Materials may include tree stumps, tree 
trunks and large rocks. These devices will reduce the amount of 
material lost if a moderate flow event occurs. ' 


UPLAND HABITAT 


The inactive floodplain is the area between the riparian habitat and 
the 100-year floodplain. Settling ponds and tailings piles are often 
Situated on portions of this upland habitat. As with the riparian 
habitat, the final topography of the inactive floodplain is dictated by 
the physical configuration of the site and the stream channel location 
and pattern. The inactive floodplain should be graded to allow flood 
water to spread out as shallow flow on the floodplain while still 
containing the flow. The final topography of the inactive floodplain 
should include slope grading for revegetation and wildlife habitat 
(Stoecker 1982) to as closely approximate premining conditions as 
possible. 


Final grading of the inactive floodplain should allow for the 
dispersement of organic material to enhance the establishment of shrub 
thickets. These thickets provide buffer strips for wildlife migration 
between undisturbed vegetation upland and the area being mined. They 
may also enhance aquatic habitat, as previously discussed. 


Sediment catchment basins can be excavated where necessary on the 


inactive floodplain to collect surface runoff and to retain water 
during flood. events. These basins serve to reduce nonpoint source 
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pollution and enhance revegetation. Such basins should be designed to 
conform to the valley topography and should be large enough to 
intercept overland flow. 


Settling ponds can be modified by developing diverse shoreline 
configurations, islands and variable water depths to provide habitat 
diversity for birds and fish. If necessary, accumulated sediments can 
be removed from the settling ponds and used to enhance revegetation. 
These sediments should be placed on the side of the pond opposite the 
active channel. In some instances, a berm may be required to contain 
the sediments and prevent them from returning to the pond. The bottom 
of the pond can be modified to create deep water areas near the center 
and shallow littoral zones near the shore (Joyce et al., 1980). 


‘The valley terrace is a relatively level upland habitat situated 
outside of the 100-year floodplain. The goals of final grading on the 
valley terrace are to reestablish stable topography, enhance natural 
revegetation and create wildlife habitat. Specific features include 
diverse pond habitats, catchment basins and wildlife migration 
corridors. 
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Glossary 


Alevin - Newly hatched fish when still attached to the yolk sac. 


Allochthonus - Material which arises from an area other than the one in 
which it is found, e.g., leaf detritus from a forest which is 
ultimately deposited in a stream or lake. 


Alluvial - Transported and deposited by flowing water. Related to 
sediment deposits produced by flowing water. 


Amalgamation - Process used to recover placer gold in which mercury is 
combined to form an alloy. 


Anadromous - Migrating up rivers from the sea to breed in fresh 
water. 

Armor layer - A layer of sediment that is coarse relative to the 
material underlying it and is erosion resistant to frequently 


eccurring floods. 
Auriferous - Gold-bearing material. 


Autochthonus - Material which arises in an area in which it is 
found, e.g., photosynthetic production of algae in lakes or streams. 


Bank measure - Gravel measured in place prior to its excavation and 
subsequent swelling. 


Barren gravel ~ Gravel deposit that does not contain placer gold. 


Beach placer - Deposits reconcentrated from the coastal plain gravels 
by waves and longshore currents. 


Bedload - Sediments rolled and bounced along the bottom of a stream or 
Sluice by moving water. 


Bedrock - Solid rock underlying placer gravels. 
Bench -°A relatively flat area occurring on a valley wall. 


Bench placer - Gravel deposit remnants of ancient alluvial fill that 
are -left stranded along the sides of the valley above the present 
stream. 

Benthic - Referring to the bottom of a body of water or to the 
organisms living in association with the bottom. These organisms can 
bé attached, creeping, or burrowing forms. 


Booming - A variation of ground sluicing in which water is stored in a 


reservoir and suddenly released to provide a large volume rush of water 
to erode and transport the paydirt. 
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Boreal - Of or pertaining to the forest areas and tundras of the 
North Temperate Zone and Arctic regions. 


Braided stream - A river containing two or more interconnecting, 
channels separated by unvegetated gravel bars, sparsely vegetated 
islands, and, occasionally, heavily vegetated islands. Its floodplain, 
is typically wide and sparsely vegetated, and contains ‘numerous: 
high-water channels. The lateral stability of these systems is. se 
low within the boundaries of the active floodplain. 
Ev GDL 
Bucketline dredge - A dredge in which the material is excavated~ -and: 
lifted to a floating platform and recovery plant by an endless chain of 
buckets. > toreel sn, 
SS UGESKR Ciiga 
Churn drill - A drill which successively raises and drops a heavy 
string of tools suspended from a drill line. Successive blows: chop<<up, 
the gravels and deepen the hole. Isl se 


Classification - Seperation of particles in a fluid or in air. by size. 
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Classifier - Equipment used to classify or seperate placer aliuvium 
into different sized fractions with the use of screens. 
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Cleanup - Collecting concentrated placer material from the sluice or 
other recovery devices and furthur concentrating to seperate the. gold 
particles. broat 


Color - A relative term used to describe fine gold particles. ... Toe 
Concentration - Mechanical removal of lighter and valueless Pee 
from placer material to produce a gold—bearing concentrate. In placer. 
mining the difference in specific gravity between gold and other 
sediment particles is used for seperation in a water media. eos? 


Depositional - The.settling of material from the water column to the 
stream bed. 


Detritus - Material released by weathering processes and subsequently 


transported and deposited as sediments by erosional forces. | - 345-548 
Discharge - The rate of flow, or volume of water flowing in :a. giver 


stream at a given place and within a given period of time. 

sored 
Dredge - A floating machine which is usually mounted on a flat- os as 
hull and provided with the necessary equipment to dig, process..and. 
dispose of placer gravels in large river, gravel plain, beach and 
offshore deposits. om Santee 


Eluvial - Loose material resulting from decomposition of rock .in-place.; 


False bedrock - A hard or tight formation within a placer deposit -aboye 
the true ay Sah TECVISEST 
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Fine gold - Small gold particles. There is no standard definition but 
20. to 100 mesh is used here. . 

Floodplain - The relatively level land composed of primarily 
unconsolidated river deposits that is located adjacent to a river and 
is subject to flooding; it contains an active floodplain and sometimes 
contains an inactive floodplain or terrace(s), or both. 


Grizzly ~ Iron grating or heavy duty screen used to prevent large rocks 
from entering a sluice or other recovery equipment. 


_ Habitat - The place where a population of organisms live and their 
_ Surroundings, both living and nonliving; includes the provision of 
‘life requirements such as food and shelter. 


Hardness - The property of water attributable to the total alkaline 
earth content that can produce insoluble soaps. All divalent metallic 
cations cause hardness, but the principal ones are calcium and 
magnesium. 


Herbaceous - non-woody plants. 


Hydraulicking - A soil loosening operation which uses water at high 
pressures to move earth downgrade. It is commonly used to thaw frozen 
material. 


Jig. = 4 gravity concentrating device in which gold is seperated from 
‘lighter minerals by pulsation and suction of water through a screen. 


_ Lode - A vein or tabular mineral deposit in the country rock. 


Macrophytes - Emergent or submerged vascular plants growing along 
Stream and lake margins, in shallow pools, and in riffles. 


Manifold - A pipe used to discharge water through a number of small 
openings. : 


Meander Wave Length - The average downvalley distance of two 
meanders. , 


Meandering Stream - A _ stream winding back and forth within the 
floodplain. . The meandering channel shifts downvalley by a regular 
pattern of erosion and deposition. Few islands are found in this type 
of river.and gravel deposits typically are found on the point bars at 
the insides of meanders. 


Mountain Stream - A single channel, high gradient stream. 


Muck — Usually frozen overburden overlying placer gravels in Interior 
Alaska composed of fine silt and organic matter. 
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Nephelometer -_An instrument. used for measuring turbidity consisting of; 
a light source for illuminating the sample and a readout - ~ device. 
indicating the intensity of light scattered at 90 degrees to the ae 
of incident light. : F . ne ‘ 
Pee anes. oe ri he F tal bool? 
Nephelometric Turbidity. Unit’ (NTU) - A measure of turbidity” = sbi degap” 
by the amount of light scattered. by solid particles in a. water. media. At 
Nonpoint-Source Pollution - All turbidity, suspended sediment, 1g 
sedimentation resulting from soil erosion caused by human activity’ 
emanating from a widespread area. ‘oe 
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Opencut —- Placer mining process in which paydirt is excavated at “the 
surface. 277 fEaootty 
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Overburden - Any organic or inorganic, worthless or low-value materia 


sesno ist 

lying on top of placer gravels. calans. BHE : 
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Panning —- Washing placer gravel by hand in a gold pan to eon ce: ntrate 

and recover gold. Iglesqgsm 

: F é : . = 2 po anusdier 
Paydirt - The gravels in an alluvial deposit which contain sufficient 


placer gold to mine at a profit. nat 
Permafrost — Any soil, rock, or mixture thereof which remains” “below 9°° ae 
degrees F for two years or more. Continuous permafrost occurs’ -whére 


all subsurface materials below the active layer (the surface player. 


which thaws annually) are frozen. The only interruption by® thawed’ - 
zones occurs under rivers or large lakes. Discontinuous’ petmafrost ~~ 
displays a dominance of frozen material which is occasionall 
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interrupted by thaw zones. Sporadic permafrost is dominated by thawed 
materials which is occasionally interrupted by frozen zones. 
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Pinched sluice - A device used for gravity concentration consisting*” of” 
a wedge-shaped trough which tapers to a narrow opening at the discharge 
end. Gold migrates to the bottom of the trough at the discharge end and 
lighter minerals are forced upwards forming a stratified slurry. Gold 
is then removed by a splitter. a) os 
P LSDMESS: 
pH - The hydrogen-ion activity of a solution, which is an indicatfon of ~ 
the solutions acidity or basicity. <A pH of 7.0 is neutral. 


girlrsbnaem 
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Placer - Deposits of unconsolidated sand, gravel and other detrital OF sig 


residual material containing a relative concentration of gold or eves 
valuable minerals. The valuable minerals have accumulated thr ough ~ 5 
natural processes of weathering, erosion, sedimentation and mechienree P 
concentration. a 
7 Tar eisiayvoM 

Point-Source Pollution - Pollution which originates at a single. SEES 
point into a body of water. ae ue 

sqmeon stesia 
Punch plate - A plate with holes drilled or punched through it to form 
a screen. 
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Resident; .:Fish - Fish that remain in fresh water for their entire life 
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Rifflesvy: A-,shallow rapids in an open stream, where. the water 
surface is breken into waves by obstructions ~* wholly or partly 
submerged. CUSh) Soe So aeto ii te 
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Riparian - Pertaining to the banks of a stream or other body of 
water. ‘93 PER Sy Cie Shaye 

(L208 is f Tapia: 
Riprap - Large sediments or angular rock used as an artificial armor 
layer. cdg 


Rocker -irA short sluice-like trough fitted ‘with transverse curved 
supports, permitting it to be rocked from side to side, and also fitted 
with a shallow feed hopper at its upper end. Nite 

OMS 4.878 + Pa 
Salnfonid +: -sResembling or .characteristic of a+ salmon, which 
-includes the salmon, trout, and whitefishes belonging to the family 

Salmonidae. vi FeO SEG 

Mi hie WEIS 
Salting! -: “Intentional, fraudulent salting where gold particles are 
placéd*-in=:a- sample to make it appear richer. Or, ‘unintentional 
enriéhmentcot a sample by erroneous or careless sampling procedures. 


Settleable Solids - The volume of matter in water that will settle in 
one hour under quiescent conditicns in an Imhoff cone. 


Settling Ponds - Artificial structures designed to remove sediment 
from waters draining a mining operation. 


Sinuosity - A measure of the amount of winding of a river within its 
floodplain; expressed as a ratio of the river channel length to the 
corresponding valley length. 


Sluice box - An elongated trough, fitted with riffles, through which 
gravels are washed to recover gold or other heavy minerals. 


Slurry -— Mixture of solids and liquids capable of viscous flow. 


Specific Gravity - A substance's weight compared with an equal volume 
of water. Gold is approximately 19 times heavier than water and has a 
specific gravity of about 19 depending on its purity. 


Spiral concentrator — A wet type concentrator in which a sand and water 
mixture flow down a long spiral launder and separate into concentrate 
and tailings fractions. Concentrates are taken off through ports while 
the tailings flow to waste at the bottom. 


Sponge - Porous mass of gold remaining after mercury has been removed 
from the amalgam by heating or solution in nitric acid. 


Substrate - Stream bottom materials including = silts, sands, 
gravels, cobbles, boulders, and bedrock. 
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Suspended Sediment - The portion of stream load moving “in ~ suspension iz: 
and made up of particles having such density of grain size as to permit! 
‘above and for a long distance out of contact with the 
The - particles. are. “held in suspension ‘by ‘the: upwasd: A 
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movement far 


stream bed. 
components of turbulent currents “or by colloidal suspensid#i« 
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Suspended Solids;.- The portion of organic or nore an Cs material in 
water that is retained on a glass fiber filter. ee cy sgt 


Tailings - Material processed through a placer Lee usually 
consisting of coarse sand and larger particles. (STS + Genz! 


abandoned floodplain formed as a result of 


Terrace - An elevated 
stream degradation and that is expected to- eye inundated eee bd ae 


infrequent flood events. 
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revolving screen used for ej stray Peeve). ane 


-Trommel - A heavy duty 
removing oversized rocks, from the placer material before treatment by Aoie? 


sluice or other recovery equipment. ne ib game ae 

28arcemlec 
Turbidity - An expression of, the optical property that causes light to 
be scattered and absorbed rather than transmitted in° straight lines ©, 
through a water sample. Turbidity in water is caused by the presence: Cre 
suspended matter such as clay, silt, finely divided organic. ee 
inorganic matter,plankton, and other microscopic organisms. 
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